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CORRELATIONS BETWEEN SEVERITY OF PRUNING AND 
SUBSEQUENT GROWTH AND FRUIT YIELD OF APRICOT 
TREES' 

By H. S. Reed 2 

Flntit physislogist, Cahforrna Agricultural Kxpcriiueni J^tahon 

INTRODUCTION 

The (question often asked, ''Does severe pruniiij^ really benefit the 
fruit tree?^’' has seldom been answered definitely, although scores of 
experiments have been undertaken with the expectation of getting 
information on this point. Many of these expcTiments were begun 
with young tr(*(*s and wen' ti'nninated befon* enough time had elapsed 
to make th<‘ tests n'ally \alid. Young trees, free' from serious <*ojn- 
pelitiomin tlu' root zone, usually grow and produce good fruit without 
much rflerenec to tlie system of pruning emjiloyed. The important 
(jiK'stion is tlu' etfect of pruning ^\hen in later years competition be¬ 
comes severe between tlu* trees both above and lielow’ the surface 
of the soil. 

Another class of experiments has been seriously handicapped by 
the conditions resulting from a period of rather free growth due to 
lack of pruning before the experiment^was initiated. The profound 
disturbance' of the physiological balance of trees that were heavily 
pruned after having made unrestricted growth introduced a large, 
but indeterminate, variable into tlu' problem. 

This pajx'i* contains an analysis of the pruning results based largely 
upon th(' coefficients of gross and ])artial correlation between the 
amount of wood removed, the grow th of the tree, the amount of fruit 
produced, and the average number of fruits ])er pound. The records 
were obtained from an orchard of 2S() Koval ajnic-ot trees on which 
the writi'r conducted experiments in pruning for 10 years. 

PLAN OF THE EXPERIMENTS 

The orchard consisted of 50 plots in 4 replications of 14 plots each, 
planted for thu pruning experiment. Each replicated plot contained 
5 trees. The arrangement of these plots, to which 10 systems of 
pruning w^ere applied, is showui in figure 1; Idiots 1 to 4 w ere pruned 
both in the summer and in the wdnter; plots 5 to 10 w;ere pruned in 

I Keueivod for puhlication Juno 10,193:1; Febniarj 1934, 1‘ajx'r no 2H'l, rm\ersjt> of C'alifornia 

Uraduiito School of Tropiad Agriculture and Citrut' Experiment Stutioii 
* Grateful meutlou is made of the assistant^e of J. Enderud in conduclmg the oxpeninents and pr^anng 
the iliustrations for this paper, and also of that of Jlannah D. Reed in compulin^ most of the coolncioDts 
of correlation and in coinpiliijR data 
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the winter only. The types of pruning and the plots on which they 
were applied were as follows: 

Plots pruned summer and central-shaft type, severely 

pruned; 2, centrafshaft type, moderately pruned; 3, vase type, 
severely pruned; 4, vase type, moderately pruned. 

Plots .pruned in winter only: 5, central-shaft type, seven>ly 
pruned; 0, central-shaft type, moderately pruned;.?, vase type, 
severely pruned; 8, vase type, moderately prunedf vase type, 
ringed; 10, lightly pruned type, moderately pruned. 

_ On the four control 

plr)tsin each block the 
trees were pruned 
only enough to allow 
the passage of imple¬ 
ments of cultivation, 
or to remove broken 
branches. 

There were no tr(‘es 
adjac^nt to the ends 
of the plots in blo(‘ks 
A a no 1) ^g. 1 ). 
Nevertheles^^ he free¬ 
dom from competi¬ 
tion affected ea(di of 
the 14 plots similarly. 

There were- t rees 
adjac(*nt to the other 
two sides, viz, pear 
trees adjoined ])lots 
All), B[4], (M, and 
l')[4] until February 
1924; subseqiKUitly 
orange tr(‘es w(‘re 
planted. Ad jaccent to 
plots A[]] and IhS 
there was a row of 
apple trees, later re¬ 
placed by citron trees. 
Adjacent to Cll] and 
D2 there were apricot trees of the same age and variety as those under 
experiment. 

Field experiments with horticultural crops are admtttedly difficult 
to interpret because there are usually so many unmeasured factors 
in the equation. After the experimenter has been careful to measure, 
weigh, analyze, and correlate his data, there are still other, less 
ponderable, .factors which elude his comprehension. The experi¬ 
menter is fortunate if these more elusive factors affect all his plots to 
a somewhat similai’ extent. Then l)y the laws of*chance there will 
be appro:Kimately the same nuriiber of plus as minus errors, and they 
will tend to offset each other, provided a sufficiently largo population 
of trees has been employed in the experiment, Irrany case the sta¬ 
tistical reliability of the data should be tested by nieans of th^prob^ do 
error of whatever measurements the experimenter used in judging 
results. ^ • 
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Fkjure 1.—Plan of orchard used for pruning exponments Numbers 
in brackets indicate control plots, m ^^ hich trees were un])nincd so 
far os possible Numbers without brackets indicate plots on which 
different types of pruning wore employed. 
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l^‘V'ni7igfGrov)thj aiid Frvit Yield of Apricot Trees 


CORRELATION BETWEEN WEIGHT OF WOOD REMOVED AND 
INCREMENT IN AREA OF THE^’ROl^ SECTION^OF THE TRUNK 

r * : * VARIABILITY IN WEIGHTS OF WOOD REMOVED 


The weight of wood rcniioved will be regarded as the independent 
variable be(*auHe it is the factor experimentally varied. The corre¬ 
lations presented in the following pages show the ainoimt of relation¬ 
ship between the above-mentioned variable and others w^hich may 
be considered as dependent variables. 

Tlie eight of wo(^l removed was recorded for all trees immediately 
after the iy;mual iiruning during the dormant season. Tlio w^eight of 
the suc(*iilent shoots removed in summer from plots 1, 2, 3, and 4 was 
not recorded because it w as not comparable to the weight of the w oody 
shoots removed in winter. For this reason, separate computations 
wenj generally made on th(‘ four plots which received summer and 
winter j)runing. The records of the size of trees in 1927 w^ere unfor¬ 
tunately lost soon after they w'ere taken. 

Th(' amount oT \\ood ivnioved at the winter pruning varied greatly 
bi'cause certain pbds were intentionally severely pruned, as stated 
abo\e tV fretpiencv ])Alygon would show' an asymmetrical distribu¬ 
tion of the po])ulation if (iassified according to se^erity of pruning. 
For (*\ainj)le, the average 
weight of prunings j)er tree 
in 1930 was 27 00 pounds; 
the standard deviation was 05 
27) 94 pounds. This great 04 
varial)ilit;v is due to the wide 
range hi tlie indi\idual 03 
weights of the ])runings, q 2 
nanu'ly, 7 to 17)7 ])ounds. It 
may l)e considered that the 0 1 
amount of wood renio\ed 



de]>ended upon the type of 
pruning emplo\ed, the judg¬ 
ment of the man who [)runed 
the trees, the size of the tree, 


1920 1925 1930 

FiifTHi-. 2 -Conclations botww*n weiphf of wood removed by 
pruTiin^ ttf ) and increase in area of cross section of trunk (t) 
in the sueceedinp muisoii CVintinuous lincb repraseut coeffi¬ 
cients of plots 1 to 10, bioken lines iho‘>e of plots 1 to 4, T T, 
line of trend of coefficients of plots, 1 to 10 


the amount of grow th made 

in th(' pn^ceding year, and the necessity of formmg a framework whi(*h 
could support the weight of new' vegetation and fruit. The W'cight 


of wood removed is given in table 1. 

The grow’th*of the trees was conij)uted from measurements of the 
circumfen^nce of the trunks taken aniuHilly. Th(' urea of the cross 
section of the trunk has been found to be a satisfactojy index of the 


size* of the tree. 


CoEFFKfEXTS OF GUOSS AND OF PARTIAL CORllLLA'l lUN 

The coetlicients of correlation for weight of prunings (w) and 
increment in grow'th of the tree trunks (i) in the subsequent growing 
season for individual trees in all 10 plots which were pruned, arc 
slS|)wn in figure 2. The broken lines represent the same relationship 
.f(fi individual trees<in the four plots which were pruned in the summer 
.as \v.ell as in the winter. The coefficients representing the gross 
correlations for all plots are positive and statistically significant, since 
thts probable errors ranged from ±0.036 to ±0.045. 
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The records for W27 were lo'^t soon after fhe\ were (akf^n 
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The trend of the eoelheientR <>f,colTelation is shown in fijj:ure 2 by- 
the line T T. Its e{(uation, defeillffined l)y th# method of least 
squan^’ is 

y- 0.421 0.00:u 

The root»inean-}<H|uare deviation of observed from eahudated values 
is 18 percent of the nuMin and may be considered as satisfactory, 
considering the number of observations available. The trend indi¬ 
cates that there would be no material chanj 2 :e in tlie coefficients of 
correlation, at least f^r some time. 

The nature of the correlation may be illustrated by the results for 
1925. Injure 3 shows the re^re.ssion line of p‘owth of tree trunks on 
weight of wood removed for 1925. The distribution of the means 
of y foi each class of / is e.ssentially linear and passes throjigh the 
point which is at the intersf^etjon of the lines representing the jueans 
of .V and Y. The ecjuation to the line as drawn is 


y 11.87 r 0.237/ 


This spe^iks strongly 
validity ot using r, the 
coeflicient of gross cor- 
ndation, as a measure 
of the association of 
the two variables 

So far as tliese com¬ 
putations go they in¬ 
dicate that the ])run- 
ing of these trt'es w as 
favorable to th(Mr 
growth and that the 
greater growMdi fol¬ 
lowed the more severe 
pruning 

The broken lines in 
ligure 2, w hich repre¬ 
sent the coefficients 


for the linearitv of the regression and the 
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^2 60 ^ 
<o 

<(0 
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culculafod from tho i‘<iiuitioii ==-11 S7 f0 C'ucIp.'- n*preM*nt 
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of (‘(UTelation for plots 
1 to 4, which were pruned in the summer as well as in the winter, 
agree fairly well with the lines for the other .set of plots e.xcept for 
t he last 3 y<uirs* Tlu^ coe(fi<uents of gross correlation show Miat there 
w as a mark(‘d tendency to greater trunk grow th on those trees from 
which more wood was removed. The natural inference that grow th 
tended to increase with sev(»rity of pruning is not established, how¬ 
ever, until the variation in tiw size is taken into account, because 
the amount of wood removed depends on both severity of ])run- 
ing^id size of tree. There might be a high correlation between 
WOTO removed and following growdh wdiere only one uniforju type 
of pruning was employed, provided there wen' great variability in 
siSp; of ifdo and in rate of growth with uniform pruning, because of 
accidental factors such as soil variability. The weight of wood re¬ 
moved from a large tree was generally greater thaii the weight of wood 
remf>ved from a smaller tree, even when both were i)runed w ith the 
relative severitv. 
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The coefficients of correlatno^ji^onld therefore take into account 
the size of the trcfcs at the time they were pruned. If we ()l)taiii the 
coefficients of partial correlation between w^eiglit of primings,•’incre¬ 
ment in the area of the crovss section of the trunk and that actual area 
of the cross section at the time of priming the tree^ we may obtain 
the values of the coefficients of correlation between weight of 
wood removed and increase in the area of the cross section of the 
trunk; assuming that the trees when pruned all had the same area of 
cross section (table 2). The (‘oefficients of partial correlation are small 
in comparison witli their probable errors and are therefore without 
statisti(‘al significance. We cannot conclude from thehi that the 
amount of wood removed Jiad an important infhien(‘e upon the grow th 
of the trunks. 


Table 2.~-Par/iai correlatum coefficients^ Tun-a.for the correlations helween weight 
of wood removed hy pruning and increments in area of cross section^ assigning 
that all trees were equal tn size 


War 


! Year 

* • i 

1 Tut. a 1 

1 ; 

V(‘ar 

1 

1 

. 

0.031d:0 04S 

1924. ... 

. i 0 OlTdiO (MS. " 

‘ 1928. 

! OOJSiOOlS 

1921- 

,m± .(MS 

192f). 

, .02B- .(MS j| 

i 1929 . 

, .(K«2i .04S 

1U22. 

1 .()30± .048 

1920- -- 

.(KWA- .(MS 1! 

19;«),. 

oaW" .(MS 

1923.- . . 1 

-.004=b .048 
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AVERAGE SIZE OF TREES EXPRESSED AS A PERCENTAGE OF THE ADJACENT 

CONTROL PLOTS 

We may proceed to investigate another aspeid of the problem, 
namely, ^^How do the trees in these plots com})are in size with the 
nearest imprun6d controls?'^ This is not a difficuilt comparison to 
make because evi^ry fourth plot was a control. 

If C{ and (4 were the average sizes of the trees in the two control 
plots, then the theoretical sizes for the intervening ])lots are - 


2 (\ \- 2 (\ 

-- 4 


c, f 

n-- 4 

The size of the trees in the 10 plots was computed as a ])ercentago 
of the adjacent controls by these formulas for 1924 and for 1931 
(table 3). The former followed a small (*rop in which the trunk 
growth was relatively large; the latter followed several large crops of 
fruit during which time the trees made less grow'th than formeMy. 

One can see that the average area of cross section of these trees 
became more uniform as the trees grew older. While th^re were 4 
plots in 1924 in which the sizes were distinctly smaller than in nhe 
adjacent control plots in 1931, 3 of these 4 plots contained trees wdiose 
deviations were ± 5 percent or less, leaving only 1 plot with a devia¬ 
tion greater than 10 percent from the computed size. 
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Table 8.' Ana aj croan section of ireen in ^arvwa plota expu'HHed an a percvnlage. 
of the nearest control plots ^ 

** 

I 

j " Yenr 

'J'lijie (»f pruning and plot no 


Primed summer and winter 

1 ... 

2 . _ . 

3 - - 

4 . 

}>ruric(l only lu winter 

ir*.]' 

7 

K). 

Tho roucl(‘r will likoly ho iinprossod (1) liy the fact that the average 
sizes in S of the 10 j)lots, in each year for whitdi data are given^ arc 
loss than 100 and (2) that most of the deviations are not very great, 
ospooiall>* in 1931. TJie direotion of the deviations is, therefore, 
t(»ward the minus rather than toward the plus side. Have these 
deviations any signiticance? If we assume that in an unlimited 
population the deviations would he zero, then the chance of a devia¬ 
tion of as great as (S:2, or greater, is only 1:17* (that is, if pruning is 
nuilly uncorrelated with growth, S or more minus differences are 
expected only alxmt once in 17 times). 

CORRELATION BETWEEN WEIGHT OF WOOD REMOVED AND 

YIELD OF FRUIT 

The biologist with his interest in the fuiudions of living things, as 
well as th(‘ hortiiuilturist with his interest in the production of orchard 
fruits, is deeply concerned with this problem. Biologists have inves¬ 
tigated the relations of vegetative and reproductive activities of many 
organisms, the ell’e(*t of checking one of these activities, and the 
' (jiiestion of an etjuilihrium between them. Horticulturists have inves¬ 
tigated the question of pruning in relation to the quality of fruit, peri¬ 
odic bearing, the elfect of pruning at certain stages of growth, the 
elfect of ndiKung the number of growing points, and other factors. 
Few of these problems have been definitely solved by experiments 
w ith fruit tr<‘es; perhaps some of them never wdll be. Data which can 
be analyzed quantitatively are not very abundant in horticultural 
literature in spite of the importance of the question and of the large 
number of expeiinfents which have been made. 

FREQUENCY DISTRIBUTIONS OF YIELDS 

As a first step in studjing the yield of fruit the liomogeneity of the 
})omi}ation was investigated, yields being used as a criterion. The 
resmts wire assembled in classes differing by 40 pounds each and the 
s/requencjfcs plotted as shown in figure 4. 

Ni^lost Sf the yields fell betw een 100 and 250 pounds. The highest 
yields w^^re in "the 400-pound class, and the lowest in the 40-poimd 
class. The curve is asymmetrical because there wttc more high- 
yielding than low -yielding trees. A certain amount of asymmetry is 


Hr, 

; H5 

95 1 

90 

92 1 

96 

100 j 

98 

H7 i 

95 

m ; 

96 

87 ' 

' 98 

J04 . 

108 

93 , 

98 

98 

J07 




S Journal of Agricultural Research voi. 48, no. i 

•generally found in curves liko and a comparison of the yields of 
other years will show that there* was generally more asymmetry than 
in 1922. The greatest numbers of individuals fell into the IBO- and 
200-pound cla.sses. The actual average yield per tree for 1922 w'as 
194.3 dP2.8 poimds. " ^ 

For the purpose of this study the most important result of this 
arrangement is the evidence, that we are dealing with a homogeneous 
group of trees. If the curve, had more than one well-defined humj) we 
should be suspicious that there was more than one biological ^oup in 
the popidation, and it would be difficult to studV or analyze the data 
by the simple mathematical methods to be described in subsequent 
paragraphs. 

An inspection of the curves represemting the fre(iucncy distribution 
of yields for successive ycai’s brings out some significant facts. 



When the yields were large, as in 1929 and 1930, then' was a wider 
“spread” than in years like 1923 and 1920 when yields were small. 
It seems logical to conclude that small yields were dwe to the action 
of factors which had almost similar effects on all trees and that large 
yields were due to factors wdiich afl'ected the trees diversely. The 
skewne.ss of the curves to the right indicates that there was a group of 
persistently higher yielding trees in the orchard. This group (as will 
be later explained) consisted in large part of the unpruned trees, but 
some of the plots receiving pruning frequently fell into this class. 

The. next step in the study is an investigation of the yields fliLthc 
plots pruned by the 10 systems listed on page 2. 

OUAKTILE lUSTKIBUTION OF YIELDS 

The production of 200 individual trees (omittiftg the recoVds of the 
unprunod trees in the control plots), the average of their production 
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for the 10 years, 1922 to 1931 incli^sHe, is shown in figure 5. The 
trees were classified on the basis o" tlie quartyc/ Tlie 50 trees 
])rodiicmg the least fruit were put into the first quartile, and so on. 
The actual limits are given in the legend of figure 5. This is an excel¬ 
lent means of expressing the actual production of the population under 
study and also of observing effects of soil conditions. 

The rigid half of the orchard was less productive than the left half. 
There was a group of 12 trees in block B all of which were in the first 
quartile, largely because of die back of the tops, for which no definite 
cause was found. Another group of low-yielding trees in blocks C and 
D stood on shallow 


BLOCK 

C 


on 

soil. There is a strik¬ 
ing pla(^e (‘fleet in the 
marginal tn^es due to 
fr(‘edom from coiupe- 
tition of adjoining 
a])ricot trees. Thre(‘ 
fourths of the tre(*s in 
the outsid(‘ rows were 
in the fourth quartile. 

Tliis liigh ])rodiiction 
cannot be considenul 
a r(\sult of pruning 
treatment, since the 
r(‘st of a plot was fre- 
(piently in a lower 
(luartile. The dia¬ 
gram also enabl(*s<me 
to plact* flu* vari<»us 
plots with r(‘s])e(‘t to 
ea(*.h oth(‘r. The ad- 
vantagi* of f lu* Latin- 
scjuare method of dis¬ 
tributing the subplots 
is apparent. Tlu‘r(* 
is no diiruMilty in see¬ 
ing that the yiedds of 
the tree's in jdot 1 were 
ridatively low, while 
those of plot <S, or plot 
10, w(‘i‘e r(dativ(‘ly 
high, but a more pre¬ 
cise measure can be 
obtained easily by a 
sim])le calculation. There are four cpiartiles. If the yields of trees 
w^ere distributed by chance there W’^ould be an equal number of trees 
frowimch of the (piartih's in each plot and the mean ([uartile value 
of ^ nlotVould be • 

(1 I 2 i ;M-4) ,,. 

n . 2.i) 

Yn 



BLOCK 

D 


SECOND QUARTILE 


Fi«;i'RK .0 QuHrtile distribution of average yields of individual trees. 
exeliiMve of iiupruned trees in controJ plots Eaeh quartile contained 
iiO trei*s. Tlie ningo were First quartile. T.*) to 1^2 pounds, second 
quartile, KW to \4b i>ound> third quartile, 149 to 172 pounds, fourth 
<iuartile. 173 to 273 iHiuiids 


«In using t he term “quartile to <Iesignate a imrtion of tlie iHiimlaiion, the aut hor is aw are of some dangei 
of confusion of terms Strictly speaking, a quartile is a point so sit ualed on the base of a frequency polygon 
that one fourth of the iudividualvS lie on one aide and three fourths on the other. In this paiier as in the 
preceding one (4), the term quartile will l)e used to designate one fourth of the.population, 
i Uefer^nce Ls made by number (italic) to Literature Cited, p. 29 
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A mean quartile value of les§ ikan this indicates that the plot, con¬ 
tained more low-wlding treesrthan would have fallen there on the 
basis of a purely randojn distribution; if the mean quartile %»alue is 
j2;reater than’2.r), th(\ plot contains more hi^h-yieldinj? t/n^f^s than one 
would find by chance. The greater the difference, the greater the 
extraneous influeiice which determined the meam (pnirtile value. 
This method affords a ready means of judging tht>> effect of various 
types of pruning on yields in which tiie yield of each tree finds 
expression. 

The standard deviation expr€>sses the ^^scattifr’’ of the individual 
values around the mean. The standard deviation of the numbers 1, 
2, 3, 4 is— 



That means that if there were an equal number of tree's from each 
quartile in each plot, the standard deviation would equal 1.12. If 
the observed standard deviation of a ])lot is less than this, we may 
justifiably infer that the ((uartile values (‘luster more closeW to the 
mean than they would in a purely random distribution. values 

under discussion are given in table 4. 


Tarle 4 ,—Mean quartile valuefi of the ylehla of apricot irtts ami utmoiard liecintioni^ 

grouped tn plotxi 


Plot no 

M , 

.;j 

: Plot no 

1. 

2,11 

0 Sf) ! 

I - - . 

; 5. . . 

2 

2 71) 

1 Of. 1 

1 -■ 

:r 

1 Of) 

1 14 


4 

2 1X1 

Hf) 1 

i 
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1 I 'i _ 
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i 1 , 0 m n H 

I 2 3.*.. I n ii 

1 1 yu ; w ! u) 


I a 12 : 0 iu 

2 (M>; ii:. 

.1 .1.' I 1 
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There were throe plots whoso troes htul inoaji (piartilo values wi'll 
above 2 . 0 , or, as one nii^ht say, oontaiiioil more than their share of 
high-yielding trees. We may consider the implications of these 
results. Plot 8 had the higliesl mean rpiartile value and a low 
standard deviation, indicating that, the yields tended to cluster more 
closely about the mean than they wouhl if the distribution were 
purely random in character. Figure o shows that subplot 8 in block B 
was on the outside row and that the yield of each tree in that subplot 
was in the fourth quartile. This j)osition d<»ubtless rllised the rating 
of this plot. However, if these 5 trees had been omitti'd from the 
(calculations there still would have remained f) trees of the fourth 
quartile, 7 trees of the third quartile, and 2 trees of the second qnar- 
tile. Obviously they rated above the average. 

Plot 10 also had a high quartile value, but the standard deviation 
of the mean is slightlj^ larger th^ that of a purely random djsjHbu- 
tion. The resulCs indicate that in spite of variability liore is a nlgh- 
yieldmg plot, though some of its suj)eriority is due, no doiiot, to the 
marginal position of one of the subplots. X 

Plot 4 is also conspicuous for a high mean quartile value, j^soeia^wl 
wiih a rather small standard deviation, yet no subplot was located 
where it had the benefit of the marginal position. 
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Tl)eso three had a few eha!ra(‘iters in eoniinon which may 

deserve comment: (1) Vase-shaj)e tre(‘'U. All these»trees wore prime<l 
to mahitain open centers, with a consequent production of fruit on 
short laterals arising: from the main lirnhs. (2) Moderate pruning. 
The amounts of wood removed were smaller in comparison with the 
size of tlu‘ trees tfnin on other plots, especially in the early years of 
the exp(uiment. (3) Winter pruning was not uniformly better than 
siunmer and winter pruning. In fact the yields of ])lots 4 and 8 
are directly comparabh‘, in this respect. The results support the 
arguments in favor \)f winter pruning, but they arc not so wholly 
conclusive on that point as other r<^sults yet to be presented. 

Plots 2 and 0, which have mean quartile values and standard 
deviations differing very little from the theoretical, were pruned 
alike e.’^cc'pt that plot 2 was pruned in the summer as well as in the 
winter. 

Plots 1, 3, T), 7, and 9 have mean quartile values considerably less 
tha/i the tlieoretical, indicating that sonudhing happened wdiich 
definitely lowered their fruit production. Plots ], 8, f), and 7 were 
all heavily ])nined. The 
types of pruning on ])lots o6 
I and II ('orrespombnl to 
those on j)lots 5 and 7 ex- 05 
ce])t that the time varied, 
l^lot 9 falls in this gi’oup ^ 
because the tr<H»s were dam- o3 
aged by girdling, l^he stand¬ 
ard deviations of tln^ means 02 
aie signiiicantly less than 
th(‘ theoretical, indi(’ating 
that some factor other than 
chance <qH‘rated to place 

wheie they Ult lound. r» ('orrelatunKs \uMyht of \sood remo\c<l 

Th(* results oi thes(' simi)h' erumnu un<l of fruit C ontimums lines repre.seiit 

I I 1 • / for 1 to Ht. MiUie'' levs than 0 15 arenut Kip- 

Cal(*UlatlOns I)nng out in mllcant HfokenljneMeifrt“vent\Liluesof/‘f(»rplotsl to4 

hriof form the r<‘lafiv(> su¬ 
periority of the types of pruning employed so far as tlu‘ total pro¬ 
duction of fruit was concerned. 

rOEFKlCUKNTS OF UROSS AN1> OF r.\KTI.\L CORRELATION 

We may tiitn now to the eorrelations between the amount of 
wood removed, regardless of the type of pruning, and the yield of 
fruit. 

The coettieii'nts of eoiTolation between (weight of wood removed 
at pruning) and y (yield of fruit produced in the following pmmer) 
are shown lioth for plots 1 to 10 and for plots 1 to 4, as vertical lines 
in hoim' 0. The magnitude of the con-olations is in general sur- 
prkimg^sinall and irregular. The values of for plots 1 to 10 
were vew’ close to zero in 1020 and 1026. We might expect an 
absenceJi)f correlation in 1020, when, on account of immaturity, 
the tree# produced, a small crop which averaged only 18.2') pounds 
per ti*ee, or in 1026, when the trees produced a crop which averaged 
only (57.50 pounds per tree. Wo cannot, however, apply this expla¬ 
nation to the low values of the correlations in 1022 or 1928 when 
lai^e'crops of fruit were produced. 
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The graphs show that thcA^aiues of r,py for plots 1 to 10 were posi¬ 
tive and significant in 5 of the 11 crops recorded. We may with 
propriety disregard the small crops of 1920 and 1921 an<l say that 
there were positive significant correlations T) times in 9 years. This 
is better, but it is not so significant that it can have great value in 
forecuisting the probable results of pruning if yield of fruit is (he sole 
criterion. There are nevertheless some important observations to be 
made on the coefficients under discussion. It will be noticed that 
all the significant coefficients are positive. This effectively disposes 
of any argument that pruning, severe as it wAs, de<‘reased yield of 
fruit. Severe priming means that in some cases the ])runings from 
a single tree weighed as much as 150 pounds. On the other hand, 
we may safely say that, in 5 of the 9 years, the trees which b<m‘ the 
heaviest crops of fruit were those from which more wood was remove<l 

Figure 0 also contains vertical broken lines which represent graphi¬ 
cally the coefficients of correlation, for the 4 plots which w(‘re 
])runed in midsummer as well as in winter. In 9 of the 11 years the 
<*oefficients were positive and more than times their ])robable enors. 
Hence the coefficients of these ])lots indicate a strongey j)<»sitiv(* 
correlation between pruning .and yield than those of the entire 
10 plots. * 

The question arises, “Did the summer ])runing actnally aflecl the 
jdiysiology of the tree in a way that harmonized the trends in pruning 
and yield, i.e., heavier pruning and heavier yield, or is this the result 
of using a more homogeneous population?’^ The answer involv(‘s a 
knowdedge of the variability of the weight of ])runings and the yi(‘ld. 
The products of the standard deviations are an exccdhuit m(‘asure 
of tlie dispersion of the values of w and // about their ukuui values, 
and are easily olitained froiii the <‘omputations of the various values 
of Tfpy for tlie 11 years. The mean value of mr a\f for j)lots 1 to 4 is 
750 and for plots 1 to 10 is 1,432. The ditFeretu‘(‘ between the 2 
products is eviden(*e that the Jirst-name<l |)lots of trees were mor(‘ 
homogeneous than the last-named plots and accounts for the Jiigher 
correlations in the case of plots I to 4 iiudusive. The fa(*t that the 
summer- and winter-pruned plots produced soinewliat less fruit 
than plots 5 to 10 inclusive suggests that any leveling factor at work 
tended to reduce tlie yield of the higher prodiudng trees to average <»r 
subaverage amounts. 

Further considerations have shown that the inclusion of data from 
plot 10, the “long-pruned” plot, w^as responsible for the smaller 
coefficients of correlation of plots 1 to 10 inclusive. For examjile, 
the data was taken for plots 1 to 9 for 1920 (a year in wliich tin* 
correlation was approximately zero). For thcs(V plots a valui' of 
0.335 i 0.045 was obtained in place of 0.009^:0.048. The 
value of for plot 10 was 0.005 ±0.132 for the same year. From 
this it appears that the inclusion of the records of plot 10 had mu(*h 
to do with the lack of correlation indicated above. The dist^ A^pii^u^v 
is due to the fact that the difference between plot 10 and 6je others 
was not solely in the amount but in the typo of wood remowd. T^uj 
pruning operations on ])lots I to 9 removed the terminal ii^irtions^ pf 
practically all the shoots which had grown in the preceding'summer, 
while on trees of plot 10 they consisted essentially of thinning the 
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shoots without reiriovirig tlie tcuiiiirHil portions, if a branch was 
shortened by tJic removal of tlie terminal portion, i^ was cut immedi¬ 
ately above a lateral branch, avoiding what is ordinarily designated 
as ‘‘heading back. 

The iufliieiK'e of the growth of the tn^e on the values of luay be 
considered next. It needs no lengthy discussion to show that the 
trees which produ(‘ed the most new growth had more material 
removtul when pruned, perhaps not relatively, but absolutely. 
Therefore it is advisable to determine the coefficient of partial 
correlation. The values are shown in figure 7. The coefficients here 
shown make it more than ever apparent that there is no real correla¬ 
tion l)etwe(‘n the severity (within limits) of pruning and the yield of 
fruit. Althougli there was a small negative corndation l)(‘tween the 
])runing and yield in ‘A of the years, there were 4 years in which the 
correlations wore positive and equally strong. This emphasizes the 
necessity of experiments extending over a period of several years. If, 
for example, <»ne had ex[)erimente(l with the trees only wh(*n they were 
young and Inul seen the nega¬ 
tive correlathms ol)tai!U‘d 
in 1021 apd 1022 he niigdit 
hav(* concluded that pruning 
is ant agonistic to yi(dd, a nda- 
tionship which was not setui 
again until 1020, There were 
only 4 years in which there 
were good positive correla¬ 
tions in the plots which were 
pruned in the summer as well 
as iii the winter. 

The coeflicients of correla¬ 
tion between weight of wood 
removed and the yield of the 
hdlowing year were' also of 
doubt ful signili(‘anc('. The 
•values of ^vere deter¬ 

mined for 10 years. Kight 
of th(' coeffie’h'iits were posi¬ 
tive; 2 were negative in sign. Their mean value was 0.203. In 4 
of the 10 years the correlation coefficient was larger than 0.3 and 
positive; in I year it was less than —0.3. It is evident that there 
w^as no such strong correlation as in the case of to be discussed 

later. 

Summarizing the*discussion on this j)rob]em, it may be said that 
there is no evidence that the pruning of these 10 plots of apricot trees 
in the dormant period had any consistent effect upon the amount of 
fruit the trees produced in the following summer. If the study is 
c<)iili|<Whto the 4 plots w hich were ju’uncd in the summer immediately 
after barest, as well a.s in the winter, a positive relationship will be 
Jgyiid betw^een the a.moimt of wood removed and the yield of fruit 
in .only 5 the 9 yeaj's for w hich data are available. The unpruned 
tfees procmced inoro^than those pruned by any methods whatsoever, 
but the quality was so poor tlmt the fruit had no ('ommercial value. 



liMHi- 7. irnfb of paltial correlation, (’ontinuou'^ 

lme^ repre.senl Nahie.s of » for tre(\> in ploli. 1 to K), 
firokeii lines those for plots 1 to 4. 
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CORRELATION BETWEEN WEIGHT OF WOOD REMOVED AND 
NUMBER jFr FRUITS PER POUND 

The correlation between weiglit of wood removeci and nuhiber of 
fruits i)er pound is a matter of primary importance not only from a 
biological but from an economic standpoint. Experience^ has shown 
that under the climatic and soil conaitions in southern California,^ 
pruning is an important factor in producing fruit of the required 
quality. 

The size of fruit varied from year to year, but ilie relative sizes on 
the 10 plots were in a general way rather constant (table 5), That is 
to say, the smallest fruits were prciduced on the unpnmed tree's and 
the largest on trees regularly i)runed during the winter. Tn'('s 
pruned in the summer and winter generally produced fruit a little 
smaller than those pruned only in the winter. There were vaiiations 
in individual trees which are not readily shown in the averages in 
tal)le 5, but are reflected in the coefficients of corn'Iation. 

('OKFFJCIENTS OF CiKOSS AND OF FAKTIAI. (OKHKFATION 

(\)rrelations between the weight of wood n'lnovc'd during the 

dormant period jjJiul tlu* av¬ 
erage number of fruits per 
polind on ea(‘h ])articu]ar 
tree in tlie following sum¬ 
mer were determined for 
the plots After U)2S the 
data frojn ])l()ts 0 and 10 
were omitted because tlu^ 
trees on ])lot \) w’(‘r(‘ injured 
by girdling and the type of 
pruning.em])loye(l (Ui ])lot 
10 [n’oduced results unlike 
those on the other plots. 
The (‘oeflicients of coiT(‘la- 
tion aj‘e r<q)i*<'s(mted 
graphically in figure S. In« 
the (‘ase of plots 1 to 10, 
values less than 0.125 are 
not signifi(‘ant, and in the 
case of plots 1 to 4, 0.200 is the smallest value having significance, 
assuming that r must exceed three times the probable error. The 
(joefficients wore significant in 7 of the 9 years for which there wert' 
j-ocords, and all the significant coefficients were negative. 

The mean value of r^n was -0.299. Th('- rooV-mean-square <levi- 
atiqn of the nine computed values of r from the mean is 0.200, iudi- 
catmg a rather wide dispemion of the coefficients during tin*. 10-year 
period. We should predict from these results that the more severe 
types of pruning would tend to produce fruit of more desiraW^izes, 
especially as the trees grow’^ older, though there rnight hp ye^ in 
which some other factor (climate or cultural practices) would intei^ 
fere with the expression of the true relationship. A line toT trem^ 
difficult to establish because of the great variability in the fnst 4 yea^s 
in the values of r. Fitting a strai^t line to the data gives the equa-, 
tion - 0.140-“ 0.029X, ^t extrapolation of this line is impossible* 
because of it|)6ldpe. 



Figckk h -“(.’orrelations hetneuii wiMRlit of w ,o<I luinovud rihI 
averafie number of fruits iier jkhiikI Values loss than U 125 
are not significant. Continuous lines represent values of ru,n 
for plots 1 to 10, broken line^ those for [ilots 1 to 4. 
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The coefficients represeut^igt the correlation rien h>i‘ tlie four smu- 
iner-priined plotsrwere also sigiiificant and negative in 6 of the 9 years. 
In 5 years the coefficients of the summer-pruned plots wore'iipproxi- 
inately the same in magnitude as those of the nine plots. Two of the 
three years in which there was no significant c.orrelation between 
pruning and size of fruit were years in which tlui 'crop w as so light 
that the size of fruit w^as not affected by pruning. 

The outcome of these calculations makes it clear that the size of 
fruit was favorably inllueTiced by the pruning. From time to time 
there was a year in which there was little if any'correlation; yet in the 
long run there was larger fruit w here the trees had been more severely 
pruned. 

The number of fruits per pound w^as ])ossibly" dependent iiiiou the 
yield as well as on the pruning, although, as previously stated, tlu» 
severity of the pruning had no very apparent niation to yithls. 
Nevertheless the coefficient of partial (‘orndation has been com- 
])uted, which indicates the degree* of (‘(UTclation which would have 
existed betwe<*n the woight of wood removed and the nuuiber of fruits 
per pound if all trees luul yielded the same amount of fruU in that 
particular year (tabh*, ti). , 


TMtijo (>, (liKlUcHutH of partial rant latum J<a run u 


Year 

I 10 !0 

IMofs 

1 to 4 

\ eai 

1 Plots j 

1 1 lu 10 i 

Phtls 
Uo 1 

' ear 

Ph.ls 

I lo H) 

rioN 

1 lo l 

]J>22 

i 1 

-0 .M»l 1 

-0 391) 1 

1925 

! - 1) 14h . 

- 0 2H2 

, 1929 

-.) m ' 

II 400 

1923 - --- 

1 - 273 

~ 123 

' I92(i 

i - :^H7 

- 1519 

HMD 

'35 1 

IDK 

1924_. J 

i - OKI i 

- 142 ' 

; 192h‘' 

- r»9o. 

> ,V.l 

■ 1931 . .. 

f ;us ' 

■ 2 IN 


« The records of plols U and 10 were oiiuUed from the ealeulal i<»n 

The results j)resent/<Hl in table b are less \anabl(‘ tlmn the gross co- 
etficients and sfieak still more stroTigly, therefore, in favor of |)runing 
as a iueatis of improving the tpiality of the apricot crop, siiici* only in 
192S and 1924 were these*, coefficients without significance. 

SOME EFFECTS OF IIEMOVJNO THE AJUCAL POHTION OF SHOOTS ' 

The dominant influence of the apical region in controlling tlu^ growth 
of subapical buds has been described in a previous paper (6'). The 
results of this work have established the existence of an important 
physiological action of the apical meristematu^ region. Ilortuuiltur- 
ists have long followT^d the practice of ''pinching’' or heading back 
shoots to encourage the formation of laterals where they w ill be most 
advantageously placed. Casual observation of the habit of growth 
of an apricot tree shows that the apical dominance is V(*ry strong. 
The a])ex of the shoot dominates the growth, not only on the new 
wood, but on wood produced several years previously. If undis¬ 
turbed, the apical region has a strong inhibiting action on tha»f^ 3 ^ 1 oj)^ 
ment of the fruiting laterals on the older wood. At the same ftme, 
the excessive number of spurs on the young wood bear so many fruits 
that few of them reach assize having a commercial value, i • 

The effects of heading back were clearly shoAj^n in comparing tl\o 
average number of fruits per pound on the plots pruned by different, 
hiethods. The largest fruits wwe obtained from plots 7, and 8;' 
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the friiits produced on plot 10 (not headed hack) were, small and in 
some years unmarketable. Hence a t^ystem of pruning in wdiich the 
apical region of new^ wood is continiialTy removed is of value under 
southenrCalifornia (*ondi lions. 

CORRELATION BETWEEN YIELD AND NUMBER OF FRUITS 
• PER POUND 

We may ue\i inquire whether the size of th(‘ (*rop had any inlluence 
upon the size of the fruit. The results of such an inquiry mijrht be 
expected to answer tlje question **I)oes a heavy yield of fruit mean 
that the number of fruits ])er ])oun<l will be lar^e?” 

('OKFKKUKNTS OF (UlOSS ANI> OF PAHTIAL OOURELATION 

The valu<»s of the coellicient of correlation for thes(» two vari- 
al)l('s, yield and number of fruit, were debujuined for each year from 
n)22 to inclusiv(‘- and are represented gra])hi(‘ally in %ure 9. 

The values of the coefficients or correlation for the plots (\ to lOj 
which were pruned in the winter were largest in 1922, 1925, and 19)11, 
i.e., in years when moder¬ 
ately heavy yields w’<u*<‘ pro- o6 

diiced. Tf» be significant the 
(‘oefrudents sltould have 
values of 0.15 or p:r<‘ater. In 04 

5 of the 10 years under obser- 
s ation th<M*o(‘fficients are less 
than three times their prob- o? 

able errors and j)uiy theri*- 
fore b<‘ disrepirded. Tin* ' 

(•(Hdiichuits ranji:e from > 

- 0.094-M).05:i to , 

L0.050. Tludr avcMH^e 

\alu<' is 0.194, wllijll is y ('orrelali<m.> botweeii aii'l numhor nf 

<loubtlullv above (In* thresh- buns |k*i Jiuund \aUn*''U's^th>uiU l.’Saicnotsipniftrani 

11 i> i* UTi Coutinuous lines reprc'^nit Milufs of Tyn for plots I to 10, 

Old Ol relianillty . broken bne.s those for i>lots 1 tt; 4; T T, line of trend. 

Th(‘ coeffi(‘ients indicate 

*that in half the years larger crojjs w^ere correlated with more fruits 
t(» the ]>ound, i.e., smaller fruits, but through the. 10-year period 
there is no strong evidence that small crops meant large fruits, 

Tlie fruit on these tn^es was thinned in 1924, 1925, 1927, and 1928. 
Tn 5 of the 5 years in which the positive correlations were significant 
tlie cro])s had bfen thinned. Thinning consisted of removing all but 
1 from the clusters of 2 to (> fruits in late April before tin* contents of 
the seeds had lost their gelatinous consistemey. This operation is in 
harmony with good horticultural practice in thi' locality under con¬ 
sideration. Tlieoretically the thinning would reduce the value of the 
coefTHuent of (‘orrelation be(*ause trees bearing a large crop would have 
larger fruits as a result of the thinning. There may have been some 
recbicfioiXof this kind, but there is little weight for sucli an assumption 
if one notes the values of the coefficients for 1929 and 1930, w hen large 
wps WTve produced. It was only in 1927 that thinning coincided 
with a lac^ of significant correlation. 

^ These coefficients^ make it obvious that there is no such fixed 
•relationship between yield and size as might have been forecast since 

:?871b 34 —2 
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only about half the correlations are significant. The large crop of 
1929 had a small minus correlation, but other large crops in 1922 and 
1928 were positi'acly correlate with fruit size. 

The equation to the line of trend, calculated by the methoff of least 
squares, is 

2/^0.259- 0.0123- 

• 

The line of trend indicates that the correlations would tend to diniin-^ 
ish with the increasing age of the trees. That is to say that other 
factors than yield w’^onld prolmhly determine the size of fruit. Among 
these factors wt can recognize (1) (ompetition ietwT^en the root sys¬ 
tems as the trees reached maturity, (2) light conditions, which are 
often unfavorable to the fruit w^ood in the interior of large trees in 
spite of the system of pruning employed, and (IV) pnmlng. It is 
probable therefore that size of fruit and size of crop will not be defi¬ 
nitely correlated more than half the tinu\, 

Tlie coefficients of correlation for the plots which received sumiiH'r 
and wdnter pruning are in five of the cases largc'r than th(' coefficients 
for plots 1 to 10, but in a general way they are in harmony with thos(‘ 
of the entire 10 plots. The most pronounced disagreements were in 
1922, 1927, and 1928. \ J . . 

Since it has been shown that the severity of the pruning*!weight of 
w^ood removed) afl'ected both the number of fruits per jxMind, and, to 
a smaller degree, the yield, it was advisable to'determine tin* coeffi¬ 
cients of partial correlation These coefficients (table 7) are 

somewhat larger than those of gross corn'lation. Six of the nine in 
the table are large enough to have statistical significance. These 
figures do not, however, contribute definite support to th(‘ gcuieral 
assumption that there is iniuh correlation between yield and size of 
fruit. This absence of correlation between fruit siz(‘ and magnitmh' 
of yield has also been ol)served in orange yields (7). '^Fhe gemual 
problem merits further careful stiuly. 


Tablk 7. - CorJficu'Jits of partial rorrrlaiiov for rj,„.w, *>*/ 

Year 

Plots 1 
to 10 

Plots 1 
10 4 

Y„,.r 1 I’lots 1 i Plots- 1; 

1 to 10 ! to 4 1 

i IMoN 11 

' 1 to 10 ! to 4 

1929 1 n 10.5 

1930 1 252 I 3»J7 

1931 J .773 .502 

1 

1»22. 

1923 _ 

1924... . 

0 405 
! .007 

. 2:37 

1 

0 322 1 
432 !| 
. Zi2 |l 
II 

1925 .i 0 450 i 0 034 ! 

1920 124 ! Win ! 

1928. - - . _ , .32(J , 004 ji 

' ! 1 li 


CORRELATION BETWEEN YIELD AND THE GROWTH OF THE 

TREE 


Correlation betwi^en yield and the growth of the tree is another 
problem of biological importance because it bears directly upon the 
question as to whether the process of fruit production is more or less 
opposed to vegetative growth. An investigation of the data, jm hand 
ought to afford some information on this question. By man^mvesti- 
gators the phenomenon of bearing in alternate years m certain trees 
is generally referred to the competition between fruit production ai^ 
vegetative growth. Where the supply of material is limited\he repr<\- 
ductive proc^esses of the organism usually attract Ihe major portion of 
the material acquired. 
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COEFFICIENTS OF GHOSS CORRELATION BETWEEN THE GROWTH AND YIELDS OF 
TREES IN THE SAME YEAR 

* • . 

Figure 10 shows the values of the coefficients o4 correlation, Viy 
where i isTthe incn^ase in the area of the cross section for any year and 
y is the yield of fruit for the same year. The coefficients are not 
large enough to have significance except in 1927, indicating that over 
tlu^ period of olisefvations there was no well-marked correlation be- 
■^AveHui yields and the grow th of the tree in the corresponding year. 

The trend of the (coefficients w^as calculated from the observed 
values by the metliod of least squares. The ef|uation to the line of 
trend is • 

0.204--0.()049.r 


Th(‘ mean observed value of the coefficients is 0.194, but the root- 
iiK'an-square deviation 
from the* values calcu¬ 
lated by the equation 
to th(' line of trend is 
0.194. Since the ob¬ 
served values an* so 
wid(4y disfiersed the 
line of trerfd as calcu¬ 
lated has little signifi- 
can(*(‘. 

If the ])roc(\sses of 
reproduction and wood 
growth w(*re mutually 
opposed w(* sliould ob¬ 
tain coefficients whi<‘h 
w'(*re nepitiv(‘ in sign 
and significant in mag- 
nitud(‘. But clearly 
there is no evidence of that condition, nor is there any reliable indica¬ 
tion in these data that the two proce.ssf's are positively correlated. 
Tlu'n* is, as is w(41 known, an ojiportunity for the a])ri(‘ot tree to 
grow for 4 months after the (to]> of fruit has becui harvested {o). 
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COEFFICIENTS OF GROSS CORRELATION BETWEEN THE GROWT’H AND YIELDS OF 
TREES IN THE SUCCEEDING YEAR 

Another (*orrelation of considerable importance has been deter¬ 
mined, nanu'ly, the correlation between yields of the trees and their 
increments of growtli in the preceding year. These computations 
w(*re based on tfie assumption tliat the condition of the tree at the 
end of th(» growing season (indicated by the increase in the area of 
the (TOSS se(*tion (luring the whole season) has more influence upon 
the yield of the tree* than the amount of growth made from the blos¬ 
soming ])eriod to time of harvest. Accordingly a series of computa¬ 
tions of the values of were made, wliich an* represented graph¬ 

ically iii 9gure 11. There is a great difference between the values 
sliowTi in ngures 10 and 11. The (coefficients expressing the values 
of are positive and, w ith one exception, statistically significant, 

tIus is gocU evidence that the yields are more intimately correlated 
with the gl'ow’th (measured by area of cross section) of the preceding 
yt^ar than with the growth of the same year. 

In both series of computations there is a sag in the value of the 
coefficients in 1925 and 1926, followed by a conspicuous rise in 1927. 
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This sag is not readily explained. The average production in 1925, 
1926, and 1927 was 148, 7;VaAd 195 pounds of fniit per tree, respec¬ 
tively. The primings (weight of wood removed) in 1925 ^nd 1926 
were. 81 and (55 pounds, respectively. The record for 1927 was lost, 
but it was iirobahly near 60 pounds. The difference, therefore, 
between the amount of wood removed in 192(5 and 1927 was less than 
between (he amounts removed in 1925 and 1926. There is littlfi 
evidence from these figures that the sag in the values of these coeffi¬ 
cients was due to radical differences in the amounts of wood removed 
by pruning. It is more ])robable that this sag yas related to an infes¬ 
tation of black scale on certain trees in the center of t he orchard. The 
insects appeared in 1924 and increased until exterminated by a period 
of high temperature which rose to 119° F. on July 17, 1925. The 
growth increments of tlic trunks of numerous trees In block B (fi . 1) 
considerably below the average of the field in 192(5, whereas in other 

years they were generally 
above tin' average. It is 
possible that, the retarda¬ 
tion of growth by this in- 
fi'station accounis for tin' 
lower correlatiiftis nott'd. 

The equation to (he line 
of trend of the coefficients 
expressing , is 

II 0.484 0 . 0094 .( 

and the mean oliserved 
value of the coellicients is 
0.877. Tin' deviation of 
the ol)serv('d from calcu¬ 
lated values is onl_\ 0.122, 
indicating that tin' calcu¬ 
lated values are fairly n'p- 
resentative. This indicates that the initially high degree of correla¬ 
tion between growth of the jirevious year and yield ob.served in young 
apricot trees will decline slowly with time. The trees will grow more 
slowly as they approach maturity, and the yields will be less highly 
correlated with the annual growth of each antecedent year. As a 
matter of fact the horticulturist knows that the yields of mature trees 
arc more acutely affected by the incidence of insect infestation or fun¬ 
gous diseases than by other factors which affect directly t he physiidogy 
of the apricot trees. 

It is unfortunate that s<^ many of the ])ublished accounts of horti¬ 
cultural experiments, especially those concerned with pruning, have 
been conducte.d on young trees. More rcliabli'. information ma,y be 
had from trees whoso root and branch systems fill apjii'oximately all 
the space at their disposal, i.e., when the competition for thw^omiM)- 
nents of the soil and for light becomes really acute. ^ 

The correlation for the trees in plots 1 to 4 (summer-pruuedX 
is so nearly the same that no additional discussion is necessary. 



section and yield of fruit in siic(*ecdiiii» year (’oiiliiiuoiis 
lines represent \alues ofr, „ for plots 1 lr> in, broken lines 

t 

those for plots 1 to 1; T 7’, line of trend 
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CORRELATION BETWEEN GROWTH OF^THE TREE AND NUMBER 
^ OF FRUITS PER POUND 

COEFFICIENTS OF GROSS CORRELATION 

There is a fairly strong? correlation between the increment in the 
(fariMi of the cross section and the average number of fruits ])er pound. 
Th(‘ valu(‘ of Tui are shown graphically in figure 12. In 6 of the h 
\ears for which there, are data a fair negative correlation existed. 
This is as one mighu expect. The trees that were growing most 
vigorously were als(» ])roducing large fruits. In other words, vigorous 
growth of the vegetative phases of the tree was coujded with vigorous 
grow th of the fruiting organs. 

The mean value of /*,„ is 0.272. The trend is re])resented by a 
line calculated from the e(|uation, 


0.200 0.0024/ 



F»t,i Kb 12 ” Valuos of (*oe.TK*iePts of correlation between 
nuTeinents jii area of cros'. m*('tioii and immber of iruitb per 
pound, T T, line of trend 


Tlu' rof>t~meau-s<juare deviation of the observed from the calcu¬ 
lated values of y is 0.b42, which implies ^hal the line of tnuid may be 
accept'd w^ith a fair amount of confidene(‘. 

On comparing the results of the computations (hailing with the rela¬ 
tion betwe(‘n the yield and 
number, and the relation 
between the yield and 
growth of the tree, the 
reader will probably be im- 
|)ress(‘d by the (‘vid(‘nc.e 
that fruit production in the 
a pric’dt tive is more nearly 
comparable to vegetative 
than to /('productive func¬ 
tions. At all events there 
is no significant evidence 
to show that the typt's of 
pruning c'mployed restricted the yield of these trees. On the contrary 
it s(M'ms that th('> grow th of the tree was strongly (’orrelated wdth the 
yield in the succcM'ding yc'ar, indi(*ating that the two functions go 
together. This is not surprising when one considers that the yield 
of fruit deiiends largelv on the thickness of the flesh surrounding the 
])it, the mesocai^. The mass of the pit is not as variable as that of 
the fruit, but the thickness of the flesh depends so largely upon the 
vegetative functions of the tree that it is logical! to expect that it should 
vary with other functions in that category. If it were otherwise one 
would not exjiect. to sec the benefic'ial results on fruit production 
obtained from the improvements in the technic of orchard carc' wdiich 
are usually obtuiiuMl in good horticultural practice. 

The simdl average (correlation between the severity of pruning and 
the yield of fruit, either of the same or of the succeeding year, has 
l.#en ratli^'f fully discussed. It was shown that part of the discrep- 
aiicy arose from the fact that the system of light pruning applied to 
plot 10 produced a Aaction differing specificany from that obtained 
Irom the system of heading-back applied to other trees. This impor¬ 
tant discovery lends support to the conclusion, reached independently 
from the other results, that this type of light pruning had little to do 
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with the niagiut^jide of the yields, and that it is not likely to be success- 
fill in a locality where apricot trees are prone to produce h<Sivy (Tops 
of fruit. The correlation between the severity of the pruning and the 
number of fnaits per pound is more signilicaut and confirms the 
southern California practice of heading back apricot Ixees to produc'» 
fruit of superior (piality. 

INTERANNUAL CORRELATIONS 

GROWTH OF TREP:S '' 

One of the prolilems of paramount interest to the orchardist is the 
development of his trees. He is concerned not only about the growth 
of the trees, but about the uniformity of their growth. It is well- 
known that regularity in growth is generally associated with regular¬ 
ity in fruit production. If the type of pruning or any other cultural 
operation seriously altered the uniformity of growth of the tie(*s it 
would sooner or later ijn])air the vitality and productiveiuss of the 
trees. 

Accordingly some compi^J^ations on the eoefhcients of (‘orrelatioii 
between the size of the toes when iiH^asured annually 1)efoT(' tlie grow¬ 
ing season started are here jiresented and disiuissed. These int(THnnual 
(Correlations may be expected to shoiv whether there was any well- 
defined tendency for the toes of sele(*,ted ]>lots to grow irregularly and 
whetluT the toes which grew most in a given year grew least in suc¬ 
ceeding years. 

The labor of computing interannual corndations for all plots would 
be very great; consequently three plots were selected wliich rej)r<cs(*nt 
rather distinct types of pruning and the computations confined (o 
them. Plot [1]', a control plot, represents the utipruned or nearly 
unpruned tree. It is of interest because it was vell-cultivated, 
sprayed for pests, and well cared for in all ways except pruning. 'JTie 
trees comprising plot 11] lie on the extreme left side of the oiidiard, 
while those in the two other plots wxre distributed over a larg(n- area 
(fig. 1). This would vitiate the conclusions if yields or sizes werf' 
being compared with those ol’ other plots. However, the yields or 
sizes of the same trees in different years are being comjiared, and henc(c 
the method of computation is justifiable. Plot was i)runed sevendy. 
Part of the pruning was done in the summer, but most of the pruning, 
as already stated, was done during the dormant season. Plot lO 
was pruned, but not severely, by tliinning branches in contrast to 
heading-back new growth. 

The coefficients of correlation for the area of the cross section of the 
trees are given in table 8. (The measurements for 1927 unfortunatcdv 
were lost.) The coefficients are remarkably large, and all are posi¬ 
tive. Along'the diagonal lines of the table the coefficients indicate 
that there was almost a 1:1 correlation between the sizes in consecu¬ 
tive years. The coefficients for the correlation of any year with a 
series of consecutive years show some tendenc'y to form a descending 
series, but the lowest values in the table are generally larger than tllTJso 
obtained in biometrical work. The coefficients of correlation for 
plots [1] and 3 between 1930 and preceding years were slightly less 
than others, though they indicate a strong positive correlation, A 
satisfactory explanation cannot be given for this depression, nor for 
the absence o( a similar depression in the interannual correlations 
of plot 10* 
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The statistical reliability of the records of fruit-tree yicKls bused 
on one season^s performance is a matter of considerable importance 
in the study of horticultural problems. Wlien one wishes to lay 
out experiments he wishes to know whether the yfelds of an orchard 
in the year or two immediately preceding the installation of the*' 
experiment are significant indices of what the orchard will yield 
during the term of the contemplated experiment. 

Since the labor and expense of obtaining records of the yield of 
orchard trees are often very great, it is desirable to know whether 
the record of one or more seasons may reasonably fulfill the ref|uire- 
nients of the experimenter. It has been rather implicitly assumed 
that the average yield for several years is rather more reliable than 
the record of a single year. The commercial grower is e(jually 
interested in knowing wiiether there is such a close cori*tiation 
bet.ween the crops of successive years that he (‘-an estimate with a 
fair chance of success what any crop yield will b(i. If it were ])os- 
siblc to do this he could effect economies in pruning, sj)raying, appli¬ 
cation of irrigation wat(U’, fertilizers, and other orchard oj^erations. 

The successive yields of the three plots just dis(‘-ussed in tlu* ])re- 
ceding paragraphs w'ere studied in some detail to obtain possible- 
answers to the foregoing questions. The means and co(dficients of 
variability for the 10 years 1922 to 1981 have been assendded in 
table 9, 


Table 9.- The yield and variability of yield of apricot trees through a period of 1(> 

y(*<irs, 


VeiiF 


1922 . 

1923 . 

1924 .... 

1925 . 

192 (». 

J927 . . . . 

ms.-J 

192‘f ... 

1930 __I 

1931 . 


Clot (Ij (uiij)ilined'? 


Moan yield 

Coeflicieiit 

of 1 

jH*r Ifee 

1 

variaf»ilil> j 

VuundH 

' PiTceni ' 

255.9^7 5 9 

1 15 l± 1 H 

‘ 21 9+ 1 5 

1 42.9i5 4 ' 

195 IJ- 9 1 

20.34-2 3 j 

2m 3.4-11 3 

29 «4i3.5 

155 U 12 1 

50 2±n. 7 I 

251 4J7I2.I 

31.14-3 7 

105 5il9 i 

1 30 7=fc3 7 

413 44rl0 h 

1 20 34:3 I 

310 5±22.8 

1 4744 . 0.2 

234 747I7 0 

10. 7:4.0 J 


» ’/..I 


IMot 3 (severely pruned) I Plot 10 Ci^.dUl.v pruriiMl- 


Mean yield 

C’tieflidoiit 

of 

varialdlity 

Mean >ield 

roefljcieni 

of 

tanahilil \ 

IHT free 

per tree 

Pofjuds 

Percent 

/ *ou nds 

/“'</(( nt 

111 54 3 7 

18 04; 2 1 

237 5 1 h 0 

21 0.2: 

15 Oi 3 7 

5-1 S4- 7 7 

21 84 1.2 

3". 2 4 1 2 

70 04- 3 4 

31 74 3 7 ' 

SI 5J 5 t 

U 0 l5 

12« 54- 5 0 

25. 24 2 S i 

139 54. 5 3 

2.'. 3 j '2 9 

07 5.4 8 0 

85. H 11 2 

5(, :>i 5 4 

03 .‘t.LS -! 

17S 547 8 3 

31.04 3 3 

IfM) 54 12 5 

.M V 1 5 

22(» 54; 0 5 

18 94 2 (1 

202 04J2 1 

31 3_t 3 3 

2H8.04 12.1 

27 9 i- 1 

4(j:i 0 i 22 ' 

' 37 0 4- 2 

237 04:14.0 

40 Hi JO 3 

0-1 18 1 ! 

! U 740 7 

IIK). 0.413. 0 

17 0 1 7 4 

232 OJ 22 2 j 

(J 518 1 


Tlie large crop of 1922 was followed by a very siiiall - rop, but in 
successive years the lueau yields gradually increased until idols [ 1J and 
3 produced about as much in 1927 as they had in 1922. Plot 10 
did not equal its 1922 crop until 1928. Each of the tlu’ec plots pro-' 
duced its maximum yield in 1929. 

The coefficients of variability are far from unifonn. They are 
large for 1923 and 1926, when the yields were small, butr are al9h 
large for 1930 and 1931, when the yields were above tlie average 
for the period. It is not surprising that the rariability was large 
when the yields were small because a difference of a few pounds of 
, fruit would thrai greatly increase the dispersion of (he frequency 
distribyions, bpt the persistence of the variability indicates that 
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tliere was a factor operating to (‘aiise unequal yioWs in both cases. 
In fact a distinct trend in each of these plots toward increased vari¬ 
ability may readily be recognized during the whole 10-year period. 
Apparently the inevitable inecpialities in soil conditions influenced 
the yields of the tree's more strongly a.s fhe extending root systems 
Competed with each other for water ami soil components. Plot 3 
(severely j)runod) was less variable than one or both of the other 
])lots, exce])t in 1023 and 192(). The high variability in 1931 may be 
attributed partially to the frost injury already mentioned. 

Batchelor and Heed (-2) showed that the variability af tree yields 
was not significantly decreased by combining the records of two or 
more years. Parkei* and Batchelor {S) found that the annual gross 
variability in the yields of orange trees was of approximately the 
same order, with the ])ossible excej)tion of the first crop. The corre¬ 
lations of yields of individual trees for consecutive years were posi¬ 
tive and umhnibtedly significant, although the values of the corre¬ 
lation eo('fliei('nts diminished as time wuuit on. 

In contrast with the data on size of trees the yields wen^ more 
variable at| the eT\d of the ex]>eriment than the size of 1re('s. 

Tabh*. 19 contains the coefficients of interannual correlation between 
fhe yields of aj)ricot trees in the three' x)lots. There is a somewhat 
surprising lack of correlation of yields in contrast with the high 
(‘orrelations of area of (‘ross section just discussed. 

The diagonal row of coeflieients in table 10 shows that there was a 
siguifi(‘ant correlation botwa'cn yields of trees in control plot [1] in 
consecutive years only 4 times in 9 years and that each of the 4 sig¬ 
nificant coefficients had a positive sign. This means that in four cases 
. the trees which })roduced heavy crops of fruit in a year like 1922 or 
Bf29 tendetl to ])roduce heavy crops likewise in the year, following. 
However, in o out of 9 cases the coefficients do not indicate any 
oignificant C(»rrelations between the crops of 2 consecutive years. 

\Vhen we examine the horizontal rows of coefficients wo see that the 
cro[) of 1922 on (*ontrol plot [Ij was significantly correlated with a 
•sul).se(iuent crop 0 out of 9 times. The crop of 1923 w as significantly 
corn'lab'd 4 out of S times with succeeding crops, and so on. It is 
very manifest that there was no regular decrease in the values of 
coefficients similar t() w hat other investigators {2, S) have found in the 
grow’tii of annual plants or in the yields of citrus fruits. 

The diagonal 4*ow of figures in table 10 for ])lot 3 showed significant 
correlations between the yields of fruit i)f the trees in consecutive 
years only 3 times in 9 years, viz, 1925*20, 1027"28, and 1928-29. 
The lirst of these coeflieients is negative; the other two arc positive. 
Heference to (able 11 shows that the yield in 1925 was moderately 
large* almost twice as great as that for 1920, with w hich it had a tieg- 
ati^ e coiTelation. Evidently the trees in plot 3, which produced inore 
than an average crop in 1925, tended to produce less than an average 
crop in 1920. The yield in 1927 w^as fairly lar^e (the largest up to 
that time), and it wuis followed by yields increasingly greater in 1928 
and 1929’.* * The yield in 1927 was positivolj^ correlated with the yield 
in 1928, and the yield of 1928 w^as about equally correlated with that 
1929. These relations contrast strongly wuth those implied in 
the coefficient of correlation between the 1925 and 1926 yields, indi- 
<*athig that the trees which yielded more than average crops if\ 1927 
and in 1928 tended again to i)roduce more than average crop^'vin the 
.year immediately following. , 



Table 10. —Inter annual correlations of yields for control plot [i], plot 3, and plot 10, 19^2-80 

CONTROL PLOT [1] 


Journal oj Agricultural Research 


Vol '48, no 1 


l.iOtOCMiOt'-'HCCO 
■«»« »0 K^iC> .-t U3 

rH r-^ 


4^41 H H4I4^4^•H 




eoIrSSi'^^SioC'K-CM 


l-Htl-H-H-H-H *4) 

<r> ^ ^ Oi w Oi 

^4<Sl<N-^^««»<POr-r- 


4^4^ H4i4j4l-H4i 

■<t< lO CO *0 O OO rf< 




414 H^ H-H 414 I 


4^4^-H4^4^4^ 


4 +i414H1 


4^4^4^4^4^^^4^-H 

--5 o CO IS 


4^4I-H4^4^4^4^ 

X c ge ds at>*c 

srrfiD?;s5S 

? * ' I 1 ■ ‘ 


I S 2 ZSZ 5^13 — 8 

1 c. 

j ^^^^ 4 I 4 I 4 ^ 4 ^ 

»0 'O >-• — o I- 


C :0 kO O 3> 
•o —• kC -n* 

1151 * 


Oi Oi cs I-Oi *0--112 


4^4^H4^4^4:4i4^ 

04 !'• Xi CO «t g kC 


4I-H4i4{-H-M4^ 
O *0 r*- o CO kio 


IC OI CO cc O 


«4)4|-H4I 


I o 

- H-m^H 
I 'jk in rc - 































































Jan, 1 ,1034 PruniiKjy Groviky and Fruit Yield of Apricot Trees 


27 


Inspecting the horizontal rows of coclficients in .table 10, one finds 
no distinct trend of the correlations of plot 3, with 1 exception; 
the yield of 1922 showed no significant correlation with any succeeding 
crop. The small croj) of 1923 shows significant correlations' with 4 
later crojjs, 3 of Which are positive and 1 negative. A similar state of 
affairs is pictured by the majority of the remaining coefficients witli 
two exceptions. Tlie yields for 1927 showed a fair positive correlation 
with 2 of the 5 preceding years and witli 3 of the 4 succeeding years. 
The*. 1927 yields were positively correlated with tlie small crops of 1923 
and 1924, as well as with the large crops of 192cS and 1929. Thus, out 
of 9 yeans there were 5 in which there were indications that the trees 
yielding more or less than average crops in 1927 maintained their 
relative pe)sitions in the population. In a somewhat similar way the 
yiedd in 1928 shows a significant positive correlation with 3 preceding 
and 2 succeeding (‘ro])s. The yields of 1928 are correlated with all the 
hirg(‘r crops taken from the plot during the period. 



Kuii Kb 13 A\<Mas»‘ iiileTannufU forrclaoons of of plot 111 (unprunoiC. plot 3 (severely pruned) 

and plot 10 (hRlitly pruned) 

The intoramiiial coafneients of correlation between trees in plot 10 
may next he examined (table 10). They show somewhat more eon- 
sisteney than ^los.! of plot 3, but there is a lack of any well-tlefmed 
trend. The diagonal row of figures show that there was no definite 
correlation between the yields of trees in plot 10 in any 2 consecutive 
years. The coeflieients show that the large yield of 1922 was posi¬ 
tively correlated with T) of the 9 siicceeding crops, but the small yield 
of 1923 was not definitely correlated with yields of anj’ of the suc¬ 
ceeding years. The yield in 1927 shows somewhat the same degree of 
relationsliip to preceding and succeeding years as that of plot 3 
showed, viz, a significant correlation with yields in 3 of the 5 pre¬ 
ceding and 2 of the 4 succeeding years. 

. A grrf})hic summary of the interannual correlations of yield is given 
h'l figure 13 in the imm of 3 graphs representing the average coefficient 
•of conflation for tiro 3 plots just discussed. The mean for any given 
year in these graphs is the mean coefficient of correlation between it 
and the preceding years. 
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There, was no general similaritv in the thn^e graphs in 1928, hut it 
should be remembered that each of the points on these grai)h? for that 
year is dependent on one coefficient, and has less significance than later 
values. In each case the values were fairly high in 1924. The av¬ 
erage coefficient for tlie control plot fl] shows a deeded inininuim in 
1927, while the averages for the pruned plots reached minimum values^ 
in 192(). The average values in all three cases rose to another mnxi- 
muin in 1929, then declined to 193K We are not warranted in 
saying that these small average coefficients are irtdices to more uniform 
yields for the years in (luestion. On the contrary the figures in Uble 
9 show that in 1920 and in 1931 the yields were, widely dispersed 
about their means. 

The absence of a definite interannual correlation in yields of apricots 
is rather significant. It indicates that the (luantity of fruit ])roduced 
by a tree is dependent u])on factors other than tlie amount of fruit 
produced in the preceding year. Whether these determining factors 
are biological or ])hysical, or a combination of the two, remains to he 
ascertained. If their iiature is biological, such factors as the abun¬ 
dance of pollen-carrying insects, or the ])revalen(‘(‘ of para^^tic insects 
or of fungi might be investigated. If their nature is ])hysical, it might 
be temperature, light, water, or that com])lex assemblage of facdors 
classed as “weather” that was responsible. 

The population upon which this study of a})ricot yields was inad(‘ 
was essentially unselected, i.e., lieterogeneous, as far as the cion is 
concerned, although it represented a well-defined type with respetd 
to the species. The variability of the tree yields through tin' lO-year 
period was as great as, if not greater than, that cojujnonly found in a 
random selection of biological material. The variability was likcdy to 
be as great in one direction as in another. 

In conclusion, the data upon yields of the three' ])lots dc'scrilx'd 
show that where annual pruning w^as practised there w as no significant 
correlation between the yields of successive years and that the (‘oi*re- 
lations between subsequent yields were as large as, or larger than, those 
of immediately succeeding yields. Significant correlations Ix'tween* 
yields of unpruned trees w ere no more numerous than among the ])lots 
which were jiruned. There is therefore nothing to support the idea 
that pruning introduc,ed a faidor wdiich upset the inherent correlations 
in yields of consecutive years. It is obviously a niatter of chance 
whether trees which are among the best producers in a given year will 
produce the best or the ]ioorest crops in the following year. To obtain 
reliable data on yiidd it is therefore lu'cessary to collect records for a 
numlx'f of seasons. 

SUMMARY 

The effects of pruning apricot trees were analyzed by means of the 
correlation coefficients. 

The coefficients of gross correlation show that the amount of wood 
removed (severity of pruning) and growth of the tree in the succeeding 
season were positively correlated, but this coiTelation dis^ippeared 
when partial correlations involving the size of the tree were made. 
When the sizes of the tree trunks were computfd as percentages of 
those of the trees on the nearest control plots, the trunks of tlie trei's* 
8 plots w^ere found to be smaller and those of 2 larger than the 
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trunks of the trees on tlie controls. Therefore it seems that trunk 
growth was somewhat reduced l)y the luiavier types of pruning. 

Frequency distril)utions of the yields gave uninunlal asymmetrical 
curves. 

vSix of tlie plots had mean (piartile values lower and four of the plots 
higher than would have been obtained in a purely random distribution 
of yields. Tlie highest yields for the 10-year period were obtained on 
])lots whose tr(‘es were* moderately pruned in winter to a vase type. 
The standard deviations of the jueans indicate that some factor other 
than chance d(*tcrmined the average yield of plots. The coellicients 
of gross and of partial correlation lend little support to tin* idea that 
the (piantity of wood removed had significant influence U[)orj the 
yield. The typ(^ of pruning was apparently more important than the 
severity within the limits of the experiment. 

The coeflici(‘nts of correlation show a strong relationship between 
the amount of wood removed and the average number of fruits jier 
pound. Tlu' more severe tyjies of jiruning temhal to produce fruit of 
larger si/e as the trees grew older, provided there was no marked 
change in environmental conditions. 

The reil^ults indicate no strong correlation between the size of fruit 
and the voi^ume of the crop. 

The yield of fruit and the growth of the trees in the same season show 
no very definite (‘orndation, except in 2 years out of 10, but there is a 
significant and ])ositi^e corndation between the yield one yiair and th(‘. 
grow til of the tree in the preceding year. Trees ])runed in summer and 
in winter show practically tlie same corndations as those pruned only 
in tlie winter. 

There is a fairly strong in»gative correlation between tlie growth of 
the tr(*(‘ and the number of fruits per pound in (> of tlu^ 0 years for 
whi(di records wer(‘ kept. The stating of fruit evidently depends on 
n*produclive and vegetative functions of th(‘ a|)ricot tree,, while the 
size of fruit probably depends upon mu(di the same factors as do wood 
and leaf growth. 

Interannual correlations of trunk sizes were computed for a control 
jdot, a severely pruned plot, and a lightly pruned plot. All (‘oeffi- 
*cit‘nls vv(‘re positive and very high in value. Apparently size differ¬ 
ences were persistent under the conditions of the e.xperiment. 

The coetlicients of interannual correlations of yields were computed 
on the three alane-mentioned plots. Their values varied greatly 
from year to year, showing no general correlation. This indicates 
that t he annual fjuantity of fruit produced by a tree is dependent upon 
factors other than the amount of fruit produced in the preceding year. 
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CORI^ELATED INHERITANCE OF REACTION TO DIS¬ 
EASES AND OF CERTAIN BOTANICAL CHARACTERS 
IN TRIANGULAR WHEAT CROSSES * 

By Ei.mek R. Auhemus* 

Anxnnale iigronomixl, thvhwn of Crrcal Cropi and Diseaitts, Bureau of Plant 
Industry, United Slates Department of Agrieulture 

INTRODUCTION 

In order to plan a systematic attack on a plant-breeding problem 
it is essential to obtain information on the mode of inheritance of 
-rwfain characters, the reaction of the plant to diseases, and the 
extent of coiTclation or linkage, if any, among these various charac¬ 
ters. For the i)uri) 08 e of the research presented in this paper triangu¬ 
lar crosses were made of Hope, Marquillo, and Supreme, three common 
spring wheats {Triticum mlgare Vill.®) to determine (I) the mode of 
inheritance of reaction to stem rust {Puccinla graminis Pers.), bunt 
{Tilletia trltici (Bjerk.) Wint.), and black chafl' {Bacterivm translucent 
undulosum Smith, .tones, and Reddy), of awn development, and of 
color of coleoptile; (2) the interrelationship of these characters; and 
(3) the relanon of stomatal behavior to resistance and susceptibility 
to stem rust. It is recognized, of course, that environment influences 
many of these characters, making the study of their inheritance very 
(liflicult. 

REVIEW OF LITERATURE 

('onsiderable work has been done by investigators to determine the 
inheritance of the two most important characters considered in this 
l)aper, namelv, reaction to stem rust and reaction to bunt. 

IIEACTIOK TO STKM HOST 

In this pap('r only th(»se studies having a direct bearing on varietal 
n'sistance to st(‘m rust are reviewed. 

Melchers and Parker found a single-factor difference for rust 
wnction in a kIarc|uis-< Kanred cross. Immunity was dominant 
wdien the plants were inoculated at heading time in the greenhouse. 
KanredX Afarquis crosses have been studied by' Aamodt (1} and 

1 Heceivud for nuMictUion Oct. 11, 1933, Issued Februaiy 1934, Cooperative inveJttiuationvS of the 
Division of Cereal Crops and Disea‘^eb, Bureau of Plant Industry, U S Department of Apneulture, and 
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for the degree of doctor offihilosophy at the IJuuersity of Minnesota 
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* Reference is made by number (italic) to Lilerature Cited, p. 55. 
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Jlayes and Stakmaii (i? 6 ‘), who found that onc^ factor may /ontrol 
seedling reaction to several physiologic forms of stejn rust . They 
found also tliat iines resistant to certain forn )8 of rust in the green¬ 
house maj^ he susceptible in the field, owing to the presencfi of other 
phj^siologic forms under field conditions or to the difference in reaction 
of the plants at various stages of growth. Hayes and Aamodt 
working with a Kota X Marquis (*ross, eomduded that the study of F 3 
seedlings in tfie greenhouse was not a satisfactory means of isolating 
Fa lines that would exhibit resistance of the Kota type in the field. 

riayes, Staknian, and Aamodt (;^7) crossed Marquis^-, lumillo lines, 
moderately resistant in the mature stage in the’field but siiscei)tible in 
the seedling stage in the greenhouse, with Marquis X Kanred lii^^es, 
immune iti the seedling stage from 11 forms of stem rust. Fimfr 
resistance was inheritecl hulependently of greenhouse reaction to the 
forms from which Kanred was immun<\ They coiu'luded that two 
factors controlled the MarquisX Jurnillo type of field resistance' in tliis 
cross, although minor modifying factors wer<> involved. From these* 
crosses homozygous lines were obtained combining the seedling immu¬ 
nity e)f the MareiuisXKanred parent with the fi<*ld resistance* of the* 
Marquis X lumillo parent. There were all combinations of resist an(*e‘ 
and susceptibility among the hybrids, ine'luding homoz^ous types 
that containeei the factors for irsistaru'c of both parents and homo¬ 
zygous types that were susce])lible both in (he* gre*enhouse and in 
the field. 

Harrington {20) reports that therfi was good agre(*men(. between 
seedling reactieni and iiedd reaction e)f Marquis, Pentad, anel Mindum 
to feums 34 and 21 . Tests were made in muslin cage's lex-ated in the* 
field and the rust forms were checked later in the gretudiouse*. Tin* 
greater part of the rust prevalent in 1P22 was form 34, ami that 
prevalent in 1923 was form 21 . Slight mixtures of otlur forms alsj^ 
were present. 

Aamodt {2, p. 215) state*s: “Immunity or a high ty])e* of resistaiUM* 
can be differentiated in the seedling stage in the gr(*onh(>use with tl)e‘ 
expectation that the strains probably also will be resistaiit in tin* 
field.He used the same forms in the field and in the greenhouse. 

Goiilden, Neatby, and Welsh (f 6 ’), working with a ci’oss of H -44 
Marquis, found no relation between seedling reaction to forms 21 
and 36 in the greenhouse and the reaetiori of the mature j)hmt in the 
field to a collection of forms. They concluded tlial difi’ereiit g(*neti(‘ 
factors controlled resistance in the greenhouse and in the field. Two 
genetic factoi-s were necessary to explain the seedling^reaction (o form 
36 in the greenhouse. Studies made in tlie field indicated that resist¬ 
ance was conti’olled by a, single pair of factors. 

Clark and Ausemus,^ in a study of Hope crossed wdth Marquis and 
Reliance, found in the mature-plant stage immune, resistant, and 
susceptible strains breeding true and found also segregating typers. 
The results of'the study of the F 2 and F 3 generatioris were explained 
on the basis of a 2 -factor diflferonce. Phenotypic ratios for the 
immune, resistant, and susceptible groups were approximately 4 : 11 ; 1 . 
No susceptible plants or strains were obtainedf in a Hopjf X Ceres 
cross, i.e., a cross between immune and resistant })arents. Tlw'se 

CI.AKK, J, A,, and ATJSEMVS, J5 Ji. INHEBITANf'K OK IMMUNITY lnovt Kl.\('K STKM Rl sT Mh'i n 
AND JPROTKIN CONTENT IN HOPE WHEAT ('HOHSK8 WITH MUSC'EPTJBi-E AM» HKSISTANT V i 

8 pp. Washington, 1028. [Mimeographed.! tant \ uhktikv 
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irivostipxtors reported in tliis eross a shiiile-faelor difference, or a 1:3 
ratio, for the iniiiume to the se^re^atiii^ ami resisttftit strains. 

Qiiisenl)err 3 ^ (35), in a study of 11-44/Minhardi, found segrega¬ 
tion for seedling reaction in the gre(‘nh()use of approximately 1 
resistant, 2 segregj|ting, and I susceptible in a random selection of 
lines inoculated with form hO. There was evidence of the influence 
of minor factors on the expression of rust reaction. The same lines 
inoculated with form 3(> behaved in a similar manner, indicating that 
the sauK^ factors control the reaction of the seedlings in the greenhouse 
to these two forms of stem rust. However, litth^ relation was found 
b^^i^ween seedling reaction in the greenhouse to th(‘se two forms and 
tiie reaction of tlie mature [daiits in the field to a collection of forms. 
He concluded that genetic factors, in addition to those controlling the 
rtuiction in the seedling stage, were necessary to explain the reaction 
in the mature-plant stage. 

(Joulden, Newton, and Brown (/5) studied the reaction of seedlings 
and mature plants of several varieties to Iti physiologic forms of stem 
rust. They concluded that there were two main groups of varieties: 
(1) Those in which there was good agreement between seedling and 
mature-phi^t nuudion, and (2) those in which there was lack of 
agreenumt l)etw'e(*n the seedling and mature-plant reaction. 

(TOidden (/7) reported tlie transference of the resistance of Pentad 
(durum), Tr]iiv\nn dunun l)<»sf., to schadions of T. ruUjare in crosses 
l)et\\een Piuitad and Marqui-^. Two P,, line's were obtained in which 
resistance was homozygous and as high as that of Hope or H-44. 

Ne'atby and (loulden {d4) found that in a cross of Mar([uis/.H-44 
and H-44 - (Marejuis Kanred, B 2-5) field resistance was governed 
by a single* ge‘nctic factor, ]>ut tlu*y (*e>ncluded that in a Marepiis Hope 
v*»*oss resistance* was go\ern(*el by two com])leme*ntaTy factors. Jn 
(he h\> anel ge*nerations of Marejuillo ' H-44, it a})peared that, in 
addition to the H-44 faedeu' feu* resistance, twe) e)r more factors w’ere 
contribute'd by Marejuillo. In the cross Double Cross (Marquis- 
lumillo Marejuis-Kanred).' H-44, these investigators assumed that 
Double* Cioss e*arried tw’<) (‘omplementary fae*te)rs for resistance. 
*Tw<) factors were (‘oncerned in the inheritance of resistance to stem 
rust in the (’loss Webster : H-44. Wi'.bster contributed a dominant 
factor for moderate suse’cptibility, wdiich, when homozygous, was 
epistatic to the H-44 factor for resistance. They found an extremely 
low percentage of resistant [ilants in the Fo generation in crosses 
betw^een Manpirtlo and susceptible varieties. The results indicated 
that three or more factors were involved in some crosses. 

Neatby (33) studied the seedling reaction of a Marquis X11-44 
cross in the greenliouse and the mature-idant reaction in the field. 
The mature-plant reaction to a collection of foiins was entirely inde¬ 
pendent of the st'edling reaction to a limited numb(*r of forms. In 
a MarquilloX H-44 cross the factors governing seedling reaction in 
the greenhouse (‘ither were expressed in the field reaction or were 
linked with those for niature-plant reaction. In a cross of Garnet > 
Double Gross the evidence obtained suggested that there was little 
or,no I’elation between the factors affecting seedling reaction in the 
greenhouse and the n|ature-plant reaction in the field. 

• "Resistance of seedlings in the greenhouse and of mature plants in 
•the field may be due to different causes, each controlled by inde- 
astu)--:i4— 
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pondent genetic factors. Three types of resistance are known - 
physiological, morphological, and functional. 

f>takman ( 40 ) has shown that resistance in the seedling* stage to 
physiologic forms of Puccinia graminis tritici is due to a physiologic 
incompatibility between the resistant plants and the invading fungus. 
The nature of the incompatibility or antagonism netween the cereal^ 
host and the fungus is not known. 

Hursh (29) showed that resistance of wheat varieties to Puccinia 
graminis may be due to morphological eharacters. The pathogene 
may enter the host plant and develop normally, but the structural 
characters of the host may prevent extensive development of Ihe 
rust. The rust mycelium develops almost exclusively in the cdiloi*eTf^" 
chymatous collenchyma of the wlieat stem. In morphologically 
resistant varieties of wheat the collenchyma bundles are small isolated 
strands, separated by broad bands of sclerenchymatoiis fibers. This 
forms a definite mechanical limitation to the spread of the rust 
mycelium. Morphologically resistant varieties therefore have a 
large amount of sclerenchyma and a small amount of collenchyma. 
Tlie relative amount of vsclereiichyma increases as tlie plant grows 
older. ^ 

Hart (^21, 22) contirnied and amplified Hursh^s conclusions on 
morphological resistance, and suggested that stomatal behavior of 
wheat varieties during the early morning hours might b(' related to 
stem-rust resistance. She found that the stomata of certaiti varieties, 
such as Hope and Webster and certain hybrid lines derived from 
crosses involving these and certain other varieties, remained (dosed 
in the morning later than did those of the susceptible varieties and 
hybrid lines. This type of resistance was called ^‘functional resis- 
tance/^ and Hart suggests that in some eases mature-plant resistance-^ 
may be jmrtly functional in nature. 

Peterson (SB) made similar observations on a number of standard 
varieties and of certain hybrids from two (*rosses, namely, II 44 ■ 
Reward and 11-44 X Renfrew, and was unable to verify Hart’s 
observations regarding the correlation between shunatal behavior 
and resistance to rust. 

From the standpoint of practical breeding, important forward steps 
were taken in the production of Marquillo and Hope, two of the 
varieties considered in this paper. Marquillo was ])ro(luced by Hayes 
and his associates (22, 25, 27) from a cross of Manpiis and lumillo 
durum, and Hope was produced by McFadden from a cross of 
Marquis and Yaroslav ernmer (Triticum. dicoccum Sclirk.) Marquillo 
has proved moderately to highly resistant under field conditions and 
Hope is highly resistant in the mature-plant stage to many and 
perhaps all rust forms of the Mississippi Valley, although susceptible 
in the seedling stage to some forms. 

KEACTION TO BUNT 

Farrer (11, 12, 13), of Australia, began in 1901 to develop bunt- 
resistant varieties of wheat by hybridization, but made ly) attempt 
to study the ratios of resistant and susceptible groups*. The per¬ 
centage of bunt in 10 Australian wheats range^ from 12 to 95.5, and 
Farrer assumed that similar degrees of infection might oc(mr m 
hybrid generations of crosses of these varieties. He subjected the 
Ft! and F 3 generations to a heavy bunt attack and selected the bunt- 
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free plants. Hybrid s(‘lecti()ns were obt^dned that had 5 to 10 j)er- 
eent of bunt, whereas the susceptible* varieties had 8y to 100 percent. 
In lOOr) Farrer made crosses for tlie specific purpose of ^ettin^ bunt- 
resistant varieties. After Kari’erV deatli Ids assistant, (h L. Sutton, 
carried on the work and produced two highly resistant vaJHeties, 
Florence and (Jemfli. 

Pyo (deV) made numerous crosses h(*tween M(‘deah, a highly resistant 
durum, and Triticmn ruhjare wheats, it was m)t dilHcidt to obtain 
resistant hybrids but none of the.se met Uu* practical recjuirements 
of the farmer and mill(*r. 

(hdnes (/d) studied the o’eu(‘ti(‘s of resistance* in the* following: types 
wi‘crosses; Kesistant n^sistant, resistant / .susc(‘ptible, and suscejjti- 
bl(‘ -"susceptible. 'Phe most susc(*ptible wheats, sown under condi¬ 
tions favoring* maximum infection, had an av{*ra^e of SO p(*rcent of 
bunt(‘d la^ads. (hdra's concluded that tla* fr(‘edom from bunt of tlu^ 
r(*mainin^ 20 pi‘rcent was dm* l(» <*sca|)es, lor tla* d(‘scendaiits of these 
in-cro.ss(*s show(‘d no (*vi(h‘nce of ha\ in<: inlauited r(*sistance. (^losses 
hetw(‘en susci'ptibh* \ari{‘ti('s produce'd (Uily susc(‘ptil)h* otfsprin^, 
wla‘r(‘as cross(*s b(*twe(‘n r(*sistant varieti(*s produced proireny show’in<c 
trauNirressi]^* s('j»'r(*j^’ation. Lin(‘s w(‘i'e ohtaiiu'd from such crosses 
that seLrr(‘,a:Tn(Ml for immunilv, resistance*, and susc(*ptibility. (hdn(*s 
studied mon* than 2'> s(‘paiat(* crosM‘s arul (‘\plain(‘d tla* r(*sults 
obtaiia*d in (‘ach on a multiple-factor basis. 

(Jain(‘s and Sin^deton {1(1} assum(*d that in a (‘ross of Turkt‘y 
Manpiis two factors yontrolled r(‘sistanc(‘, tla* one carri(*d by Turkey 
bein^; much more potent than the one carried by Manpiis. 

Hri^a;s (•;) made thr(‘e types of crosses, nameh, susct*ptible 'sus¬ 
ceptible, resistant ' n'sistant, and resi.stant - sus(*eptible. The resis¬ 
tant j)ar(*nts wen* Martin and Hussar, which product'd no bunt. Tla* 
susce])tible ones were Hard Fe'deration, Baart, and White Federation, 
whi<‘h produc(*d oO to Oo |)erc(*nt of limit Ht* concludeil that Martin 
diff(*red from such since'ptibh* \arieties as Hard Federation and 
Whitt* Federation in out* dominant factor for resistanct* Later (7) 
he reported that Hussar differed from Hard Federation and Baart 
by two dominant factors. One of th(*se factors was idt'iitical with the 
factor in Martin but the oth(*r was unlike tla* complet(*ly dominant 
Martin factor, as it j)(*rmitt(*d about oO j)t*n-t*nl of the heterozvj^ous 
])lants to become infectt*d when the Martin dominant factor was 
absent. Bri^<j:s (tl) later reportc*d that White Odessa had a single 
dominant factor#for resistance similar in its effect to tla* Martin 
factor. It was not known whether this factor wos identical with the 
Martin factor. Ih* found (S) that. Banner Berkeley differed from 
White Federation in one main factor for resistance to bunt. This 
factor was identical with tla* one present in Martin. 

Aaniodt (J) studied tlu* inheritance of resistan(*e to bunt in the F;, 
of the following** ty|a*s of crosses of ^piiiaj:-wheat varieties: (1) Sus¬ 
ceptible X susceptible, (2) mod(*rat(*ly susceptible moderately sus- 
eeptible, (3) susceptible> moderately resistant, (4) moderately 
susceptibleX moderately resistant, and (o) moderately r(*sistantX 
m Of) era teiy* resist ant. All depees of infection were obtained, and in 
every cross stu^liod a number of F;^ liia*s transgressed beyond the 
vmgo shown by eithW parent. This showed that several j^enetie 
/actors controlled the reaction to bunt and that numerous reeom- 
‘ binatious had been produced. Aaniodt (*oncluded ^that multiple 
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factors, the exact nature of,w<hich ha<l not been detennined, {lovenu'd 
the reaction to .bunt. 

PARENTAL MATERIAL 

Tlte three coinnion wheat varieties, Hope, Marquillo, and Su])reme, 
were used as parents in this study. I’arental material was obtained 
from single-head selections from the rod-row trials of each of th(^ 
varieties grown at the United States Northern Clrcat Plains Field 
Station, Mandan, N.Dak., in 1927. Table 1 shows <he comj)Hral)le 
characters of the three varieties. 

Tablk 1. —Comparable characters t>/ trheni raneties 


I 


Character 

1 Hoik‘ 

1 .. . 

1 Maniuillo 

Siipreiiie 

Reaction to - 

1 

' 


Stem rust. 

Iliphlyresistant 

Moderately lesislani 

M^eeptihU' 

Runt . . 

UesKstant- .. 

1 Semiresistanl 

Do 

Rlack ctiatT , ... 

. Siisceptitile 

- Resist ant 

Ke.MsIani 

Awnedness.. .. 

. i Awiiod 

' Vwnleted 

\\\ files'' 

(’oleoptile coloi... 

1 Puri»le . . . 

Oreen 

Oreen 


METHODS 


Rrciproc^al crosses were iriade in 1928. One tuilf of tln^ K, ])lant'< 
of each of the three crosses were grown in a greenhoiis(‘ at th(‘ Ailing- 
ton Experiment Farm, Rosslyn, Va. (near Washington, I).(\), in thi' 
winter of 1928-29. The other half of the Fj ])lants and the Fj ])lants 
from the greenhouse were grown at the Minnesota Agricuiltural 
Experiment vStation, Ihuvorsity Farm, St. Paul, Minn., in 1929. In 
orcier to obtain as much seed as jmssihle from each plant, tlu^ kc'rntLs^ 
were spaced ti inches apart in rows 1 foot apart. An Fa line' was grow n 
from each Fj plant. 

The Fa generation was grown at University Farm, St. Paul, Minn , 
in 1930. From each Fo plant duplicate O-ioot rows, containing 2.") 
seeds each, wrere space-planted for the rust study. An Fj ])opulation 
w’^as also grown in 1930 from seed obtained from th(‘ Fi plants growTi 
in 1929. (Miecks of the ])arents of each cross were grown in (‘\(uy 
twentieth row. 

STEM HOST 

Artificial epidemics of stem rust were ])roduced at University Farm, 
in 1930 and 1931, by increasing physiologic forms of the rust in the 
greenhouse and hypodermically inoculating at heading time plants of 
susceptible wheat varieties in the border and alley rows in the field 
with a water suspension from a mixture of urediospoies of all avail¬ 
able forms of the rust. Seventeen physiologic forms were used. 
Separate inoculations with each individual form were also made in th(» 
field, but the relative number or prevalence of the diffeiimt forms oji 
the mature plants at harvest was not determined. Additional infec¬ 
tion was inau(‘ed by similarly inoculating susc(»ptible plants in ihv 
heading stage in the greenhouse with all available physiologic forms of 
rust and transferring them to the field, where tney wer«' spftjced 
alternately with inoculated jdants at intervals of ap{)roximately .20 . 
feet in the alleys and border rows. 



Jni]. I, 


Jiihei Hauve of lleavtion to Dineane in Wheat Crom's 37 

Tests of seedling reaction to stem riJhihj physiologic form 30, were 
made in the gre(*nliouse. The method of making •these tests was 
similar to* that descril)ed by Aamodt (/) and by Hayes, Stakman, 
and Aamodt The seedlings were inocnlated when the first leaf 

was about 2 imdiesjong. 

In thes(‘ tests duplicate seedings of 20 plants to each 4-inch pot 
were made. Tests were jnade of all F;, line's after taking out the seed 
necessary for the field tests. 

In the study of stem-rust reaction in the field the Fo plants and the 
plants of each F.^ line were placed in one of the three classes i?, SRf 
and# *S’. If (resistant) includes plants with no infection or only a 
ira(*e of rust, having a small or narrow linear type of pustule; SR 
(s(unircsistant) includc's plants that appear less resistant than those in 
R and have a tyj)e of ])ustule smaller than that of Sy the susceptible 
ty])e; and S (susceptible) includes plants having an abundance of rust 
and well-developed, large pustules that coalesce. The F 3 lines were 
th('n grouped according to l>reeding behavior into the following five 
classes. 

R invc'Uijig triK* for R 

R n,‘^rcgatiiig for R aod SR or hreodm^? truo for SR t\|)(‘ 

II Sc^rogatin^ for R, SR^ and S 
S - S(‘^<regiitiiig for SR and N 
S Hn'ocling true for aS 

HUNT 

In a study of bunt reaction a separate planting was made of F^ 
lines infected with the collection of bunt obtained from K. H. 
Bamlx'rg. No attempt was made to determine the number of physi¬ 
ologic forms |)resent. Twenty-five kernels of wheat were placed in 
envelop. After adding a small spoonful of spores, the envelop 
was shaken until the kernels were completely blackened. 

The number of bunted heads was divided by the total number of 
heads in each line, the results showing the perccuitage of infection. 

BLACK CHAFF 

For a black-chaff study an attempt was made to induce an arti¬ 
ficial epidemic in tlu' <‘ereal path(»logy garden, but a better epidemic 
develoi)ed naturally on the material grown in the rust nursery; hence 
the data on black chaff were obtained from the latter material. 

Black-chaff inlfction was recorded as heavy, medium, and light. 
The F 3 lines w ere then grouped accordijig to breeding behavior into 
the following five classes: 

// Breeding true for heav\ infection 
//" Containing plants with heavy and medium infection 
*S - Segregating for heavy, medium, and light infection 
L - - Containing plants with medium and light infection 
L Breeding true for light infection 

EXPERIMENTAL RESULTS 

# , REACTION TO STEM BUST 

Studies were made in the field on F., Fj, and F 4 material and in the 
• Krecnho\iac on Fj linesl The field studies in 1930 inehided F 3 families 
ijrom the entire F 3 population growm the pre%’ious year. Some F 4 selec- 
*itions wej-e grown in 1931 to test the accuracy of the Fa-classification. 
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Field notes were taken on mature ])lants, and are referred* to herein 
as inature-])lant reaction. The plants in each row were pulled, tied, 
wra]>ped, and carefully lal)eled. The t)undles wen' tlien shocked 
under canvas covers to protect the ])iants from tlfe \\<'ath('r, and tlu' 
notes were taken the followinc; month 


Tahlk 2 . — Midun-plant rmchan to sit m m.sl in parent and F> plantu and in parent 
rows and F\ and F^ lines of the f/opi ' Marqnillo wheat cross, Iddt) ami ld.il 
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in the ])arent and Fj plants and in the ])arent rows ami F< and F, 
lines of the Hope/ ^larcpiillo crohS. In considering ta])le 2 it should 
be noted that the data in the u])p<'r three lines ])ertain to siuLrle ])lants 
w'hile thos(' I)elow ])(‘rtain to rows As indicated /m i)a^(‘ 1^7, tU^' 
designation of the plants is somewhat diflVnuit from that of the 
rows. 

In IIKK), all the jilants of tin' Ilo])e i>arent, ^rown adjacent to the 
F^ plants, were classed as resistant, wher(*as the jilants of Mar(juillo, 
similarly <rrown, wt'ie r('(‘orde4l as 10 resistant and IkS seiniri'sistant 
There were 4‘lt) F^ ])lants ol the Ilo])e/ Marcpiillo cross, 110 of whi(*ri 
were classed as resistant, 214 as seinin'sistant, and 112 as susccjitibh', 
the latter class bein^ uidike the parents I). Althouo-li in this 
experiment Ilo])e was more highly resistant than \lar(|uillo, it was 
not possible to ditferentiate clearly between the two tv])(*s of resistance 
in the F 2 generation. As Manpiillo jiroduced botli R and SR plants 
in the proportion of about 1 to 4, it is ])ro[>able that 1 out of each 
5 plants in the F 2 resistant grouj) may sliow^ the Marqnillo ty])e of 
resistance. 

All the rows of the lIo])e parent, grown adjacent to the F\ liiu's of 
the Hope/Manpiillo cross, w^re classitied as resistant, whereas all 
the rows of the Marcpiillo parent, similarly growm, w^ere pla(*ed in 
the R— grouj). Nin<‘ of tlie Marqnillo (dieck rows had a ratio of 
1 resistant to 4 semiresistant plants, and two rows had all ])lants 
classified as semiresistant. • • 

The 202 F^ lines were grouped as follow^s: 33, R\ 73, R - ; 

22, S— ; and 7, S, Acjcording to this classificiftion, 33 lines wTre as 
resistant as the Hope parent and 100 w'ere within the limits of both 
"►parents, whereas 90 exceeded the reaction of botli jiarents. 
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Tlie results of the studies on the relation to stein rust in both the 
F 2 and Fa ^generations show that the factor or faetoi;^ for the mature- 
plant resistance of the Ho])e type are not allelomorphic to those of 
the semiresistant type of Marciiiillo, as types were olitained that were 
more susceptible than the semiresistant parent. 

A further test of the mode of inheritance of the Hope type of resist¬ 
ance in this cross was made by com])ariri^ the number of resistant 



FKJrRE 1 -Alfltnre plant roaOioii t<» a collection of lUiy&iolocic forms of stern nisi in the field in cross of 
HojicXMarquiUo wheats Parents. 1, Uopo. resistant, H, Marqiiillo. sermresivtant Senreganon of 
F;» idants and plants of FN lines of flopeXMarquiIlo cross C, Hesistant, J>, semiresistant, A. susceptible. 


plants with the combined number of semiresistant and susceptible 
plants of, the individual F 3 // segregating lilies^ according to the 
method described bv Kirk and Immer (30). The was calculated 
for each individual ^3 line for a given ratio of resistant to semiresistant 
-tfind susceptible plants. If the value of lor a line gave a P value 
foi more than 0.05 (14, p. 96), the F 3 line was placed in that particular 
group.* 
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In each of the iii(Uvi(liial^,^!fe^re^atin<i: F 3 lines, the data lor the 
observed miinber of ])hints in the resistant ^roup as compared with 
the observed number in the coinbined semiresistant and sirsce])tible 
groups were compared with numbers <*alculated for the ratios 1 : 8 , 
1:15, and 9:7 

According t-o this method of analysis of the r»7 lines se^rej^atin^ 
for resistant to semiresistant and susc(‘])tible ])lants 50 se^re^ated in 
a 1:3 ratio, S in a 1 :15 ratio, and 9 in a 9:7 ratio. 

The Fa lines sej^repitinji: in a 1:8 ratio would result from a single¬ 
factor difference for resistance, and those segregating in a 1:15 ratio 
would result from du])licate factors for susceptibility. A 9:7 ra^) 
could be ol)tained from the interaction of (‘om])lementary factors 
resistance. These ty])es of segregation indicate that three or more 
factors are concerned in the inheritance of rust rea<‘tion in this (*ross. 
There were too many lines segregating in a 9:7 ratio to ])e ex])lained 
by natural crossing. This abnormal ratio may be due, however, 
to the abnormal chromosomal behavior of Marcjuillo as found liy 
Powers (;??), who concluded that Martpiillo ])ossesses greatcu* g(‘rminal 
instability tlian Mar([uis. Hope is a derivative of a s])eci(*s cr(»ss (,7/) 
and may also exhibit variability in chromosomal behaviorj 

Other investigators have ])ointed out the (‘om])le\ity of the ])roblem 
of studying the reaction to rust as well as to other diseases, as both 
the host and the pathogene must be corisidercal and both an' iiillucm'cd 
by environmental conditions. 

In 1981 the reaction to stem rust in certain ])lants from segre¬ 
gating Fa row’s w’as studied in their F 4 progeny. All th(‘ rows of \]w 
Hope j)arent, grow'u adjacent to the ])rogeni('s, wen‘ Clascal a*- 
resistant. One plant of the Manpiillo [)arent classified as n'sistant 
and four plants classified as semiresistant in 1980 ])ro(!uced both semi¬ 
resistant and susceptible plants in 1981. This greater susc('ptibilit\* 
of the Manjuillo ])arent in 1981 may have b(*en du(‘ to the |)r('M‘ne(‘ 
of difl’erent physiologic forms in the field or to tin' inflinmci* of ('n\i- 
ronment on the factors governing resistaiici*. Th(' |)rog(*nv of the 
R plants of the Ho[)eManpiillo cross contained appnrximatelx 
1 homozygous line to 8 segregating for 2 or foi' all 8 of tin' j us( cla.ss('s.« 
Of the semiresistant plants 4 lines bred true for the R grouf), but 
a majority segregated for all classes or l)red tnn' for suscej)til)ilily. 
This segregation shows the eonpdexity of the Marcpiillo type ol 
resistance. The S tyi)e ol plants for the most i)art bred true. 

Table 3 . — Mafnre^plant reaction to stem rust in parent and b\ plants and in parent 
roirs and and F4 tines of Hope / Supreme wheat cross^ U>S0 and tlKil 
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Tiie (lata in tal)l(‘ sliow tlu‘ inatur('%[;lanl r(Mi(*tion to st(‘in rust of 
Fo plants and F^ and F4 lines of the Hope < Supreme' cross, together 
witli the ‘i*eaction to stein rust of the two parents. These data are 
graphically ])res(Uit(Hl in figure 2. 

Wluui tlie ivsults ohtaiiKMl in the F,, generation are coinparc'd hy tlu' 
X‘ method with tlfe (‘alculatcul number based on a 2~factor dilfer- 
ence, x“ 11.7524 and ' 0.04. This means that on the basis of 
random sampling a deviation as ^reat as or ^naiter than that observ('d 
could b(‘ ('xpectc'd only 4 times out of 100 trials. The agreement b(‘- 
tw('en the calculated and the obs(‘rved ratios is therefore poor in 



Kiiii RK *J -' Matiiri*-i)lant renction lo u ('ollectioii of ph\''i<jlojiK‘ forms of sIpik rust in the fielii in cross of 
HoiieXSupreme w heats Panmts .1, Uoih*. reMsianl. B, Supremo.Misceptihle SoKroiiation of Fs plants 
and planKs of Fj linos of Iloix'XStpuvmo cross Hesistant, />, .seniiro.sistant, E, susceptible 

that there were too few lines biwding true for stuniresistance and too 
many liru's segregating for ail tlm^e classes. It is also possible that 
difficulties in (classifying these tw^o groups may partly account for the 
poor fit obtained. Despite the small number of Fy lines tt^sted, the 
results, as a whole, indicate the pn'stmce of at least two major geneti(‘ 
factors for rust reaction. 

An analysis of tlu^ segregating F^ 11 lines was made bv applying the 
g(Todness-of-fit test, as in the cross previously discussed. 

> Of the 3fi Fg lines s(^gr(»gating for all three class('s, 21 lines apptuired 
fto segregate hu- resistant and combined semiresistant and susceptible 
plants in a ratio of 1:11, and 13 lines in a ratio of 1:15,. The P values 
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obtained for both types of se 4 r 4 *egation show a very good fit to a calcu¬ 
lated 1 : 3 and 1:<5 ratio, respectively. Two lines that approached a 
9:7 ratio, according to this test, may have resulted from natural cross¬ 
ing or mechanical mixtures. The number of lines segregating in the 
two ratios 1:3 and 1:15 supports the conclusion that at least two 
genetic factors are involved in the inheritance of slem-rust resistance 
in this cross. 

In 1931 the progeny from R plants from segregating lines in¬ 
cluded 10 resistant lines and 37 lines segregating for 2 or 3 classes. 
The progeny of SR Fa plants included 1 resistant line and 50 lines 
segregating for 2 or 3 classes or susceptible. Plants (dassified as Sin 
the Fa gave 1 semiresistant line, 1 line segregating for semiresistance* 
and susceptibility, and 29 lines breeding true for susceptibility. 


Table 4. -Malurc-planl reaction to stem rust in parent and plants and in parent 
rows and Fs and F4 lines of the MarqatlloXSupreme wheat cross, U)H() and 
1931 


Parent or generation 


Year 
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Tlie data in table 4 show the mature-plant reaction to stem rust, 
of the Fj plants and F 3 and F, lines of the Marquillo X Supreme cross, 
together with the rea<‘tion to stem rust of the two parents. These 
data are graphically presented ir figure 3. • 

No plants as resistant as the more resistant plants of the Marquillo 
parent were obtained in the Fj generation. 

All seven rows of the Marquillo parent were classified as II-, each 
having a few resistant plants. The breeding behavior of the 138 F, 
lines is clearly shown in the table. Although the resistance of the in¬ 
dividual plants classified as SR was fairly high, it was not equal to 
that of Marquillo. 

Hayes, Stakman, and Aamodt (27) concluded from a study of F 3 
lines of a Marquillo X (Marquis X Kanred) cross that the resistance of 
Marquillo was .governed by two main factors but that modifying 
factors also may operate. The results obtained in the experiments 
herein reported indicate the presence of at least three factors. Seven¬ 
teen physiologic forms of stem rust were used in the artificial epidemic 
induced by the writer, wliile only nine were used by Hayes and Aamodt 
(24). The lower proportion of resistant plante may have b^en due. to 
the presence of the larger number of physiologic forms or to the nature 
of the cross. These results and conclusions corroborate those obtained 
by Neatby and Goulden (34) with crosses between Marquillo anm 
^lusceptible varieties of wheat. 
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Jii 191^1, two rows (‘a(‘li of th(‘ Manjti^lo and Supreme parents were 
^rown. One plant of Marquillo previously classified as R and an¬ 
other as*iS7/ j)roduced similar reactions, both being classified as 



Fku UK :t Malnr<‘“pltint nviction to a rollefiion of physiologic lorins of stem rust m the held iii cross of 
MaKiuilloXSiipreme wheats Carenis A, MaKiuillo, senuresistunt. R Supreme, siisceplible Segre- 
Ration of Vi plants and plants of Fj hues of MarquIlloXSupreme cross. C, .Senuresistaiit, i>.sus(*eptible. 

• 

\»ifulo the two rows of Supreme classed as S in 1930 produced only 
susceptible plants in 1931. The progeny of the F3 SK plants included 
[2 lines classified as // -, 15 as /S - , and 2 as S. The S F 3 plants gave 
' 2 lines.classified as S'- and 10 lines that bred true for.S'. 
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GREE5|.I()rSK 8T1ID1EK 

The seedling: roftetion to form 36 in the three parent varietit>s and in 
tlie Fa hybrids of the HopexMarquillo, Hope X Supremo, and Mar- 
(piillo y Supreme crosses was studied in the p^reenhouse. Ho|)e is 
highly resistant to form 3(> in the seedling stage, ^nd all 29(i plants 



Fifii Rfc 4 Seerllintr reaction in (lie greenhouse lo slein nixst, foim .in. in cross of HoiieXMarnmllo u heal s 
U, Hofie parent, resistant Fj of UopeX-Mai<iuillo eross li, Nesisiant, fseure^atinir. susce[tiil>le 
K, Marquillc parent, susceptible 


were classed as resistant. All the Marquillo plants were infected, a 
majority of the pustules being of type 4, indicating susceptibility. 
Supreme also was §iusceptible, all plants having the type 4 pustule. 
All the Fa lines of the MarquilloXSupreme cross w'er(‘ susceptible. 



Figuke 5.— Seedling reaction in the greenhouse to stem rust, form 36, In cross of HofieXSuprtirrie wheats 
A, Hope parent, resistant. Fj of TIoiwXSupreme cross; ii, Raslstant; segregating, />, .susceptible, 

E, Supreme parent, susceptible. • 

The seedling reaction in the two crosses Hope X Marquillo and Hope X 
Supreme was fairly distinct, so that it was comparatively easy to sep.>v 
arate the Fs lines into three groups—resistant, semiresistant, and sus-i 
cSptible (figs. 4 «,nd 5). Tahle .‘5 shows the seedlinsr reaction t« form 
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3t) in parent, rows and lines of the liiree crosses HopeXManpiillo, 
HopeXvSuprenie, and MarciuilloXSnpiVhie, 

Tablk 5. Sredling reaction to stem rust, form dH, in parent plants and in lines of 
triangular crosses of Hope, Marquillo, and Supreme irheats, groicn in the green¬ 
house in 10do 
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Number of jtlants or lines show in^r indicated 
reaction 
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In the Hope Manpiillo cross the numbers, comptired with a calcu¬ 
lated 1:2:1 ratio, pive /* O.IS. In the Hope * Sujmmie cross the 
numlau’s, (‘omparc'd with a calculated 1:2:1 ratio, jxave O.lti. 
These R vhlues and the fa(‘l that only one type of segregation was 
ol)S(‘r\(‘d in the luderozygous lines indicate that a single genetic factor 
dillerence is responsilde for the results. 

HEACTKtN TO HUNT 

Keaction to bunt was studied in the three ])arent varieties and in 
tiu' F.j hyl)rid lines of the crosses. The F 2 material was not bunted. 
The ])arents us(‘d in a |)articular cross w’er(‘ growm, alternately, every 
twentif'th row\ The results are presented in tat)le b. 

'rvHbK r*. Distutmtion of liuutnl heads lu parent lotcs and in Fi, lines'of tnangulai 
crosses of Hopi, Marguillo, and Supieme irheats in lOdO 
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Hope was highly resistant, only 1 row' of 17 showing any infection. 
In the cas(‘ of the/Marcpiillo parent there was slightly more infection. 
Sut)r(unc was the most susceptible parent, liaving a greater amount 
of bunt and a greater rang(' of variability than (dther Hope or Alar- 
(|ui]lo. One row^ of Supreme was bunt free; in otlnu's, there was 
infection in varying amounts up to 18 percent. 

The bunt data on the F 3 hybrid lines show' segregation approximately 
covering the range ol the respective parents. In the Hope X Marquillo 
cross 183, or 92.4 percent, of the F 3 lines were within the limits of the 
f^Iope parent, and all but 3 were within the limits of both parents. Of 
• the 103 F 3 lines of the Hope X Supreme cross 82, or 79.6 percent, w^ere 
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witliin the limits of the Ilopej^rent. The hunt reaction in these two 
crosses w^as veiy^ similar exc(^^t that there w^as greater susceptibility 
in the cross with Supreme, the more susceptible parent. Fisoin these 
crosses wdth Hope as one of the parents, 154 of 301 F 3 lines grown 
were bunt free. 

Of 131 F 3 lines of the MarquilloX Supreme cross^ 12 were bunt free 
and 107 w^ere within the limits of Marquillo, the more resistant panuit. 
More lines wdth higher percentages of bunt were obtained in this (*ross, 
as might be expected, since neither parent is as resistant as the lloj)e 
variety used in the two other ci'osses. 

The results from the three crosses mdicat(‘ that the greater the sus¬ 
ceptibility of one or both of the parents used in a })articular cross lh(‘ 
greater is the tendency tow ard susceptibility in the hybrids. Ik'cause 
of the small amount of bunt obtained il is impossible to determine (he 
number of genetic factors involved in the reaction to bunt in the 
crosses. 

KEACTION TO BLACK ('HAFF 

Black chaff affects various parts of the spik(‘ of tin* w h(‘at plant and 
any or all parts of the culm. The disease sAmtdimes may cause 
serious losses in the wheat crop. Waldron {/pi) found a.^h‘(*r<‘as(^ in 
weight of grain and in fertile culms ])er plant as iid'ection by black cludf 
increased. In crosses of Hope wheat with other \arieties h(‘ found an 
“antagonistic relationship’^ between resistan(‘e to stem rust and 
resistance to black cludf. 

A study of black-chaff reaction is very diflicult because littl(‘ is 
known of the conditions favoring the development of an epidemi(‘. 
There usually is a wide range of variability in the reaction of wheat 
varieties in different parts of a nursery and in diffenuit s(nisons. The 
data obtained on black-chaff infection in 1930 aie present(‘(l in table 7. 

Table 7.— Reaction to black chajf tn parent and f’j jilants and in paind totrn anil 

F'jf lines of inangnlar crosses of Hope, Marqnillo, and Snpretne ndieats tn JfHtf 
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The infection of Hope, the susceptible purent, grown iidjficent f(» 
the F 2 plants and the F 3 lines shows the variability of the epidemic in 
different parts of the nursery. Segregation appeared to oe/*ur in the 
Fj generation of the two crosses having Hope as one of the. parents, 
although the infection in most of the plants was classed as light. 
Definite segregation was less apparent in the F 3 generation, the infel^ 
tion in the larger percentage of the lines being classed as fight, as in ■ 
the M&rquillp find Supreme parents. 
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All plants in the F 2 and F 3 gencratioJ^ of the Marquillo X Supreme 
cross had a light infection of black chaff and showed ijo segregation. 

AWNEONESS 

The awn development of the F 2 plants and the F 3 lines in the trian¬ 
gular crosses of Hdpe, Marquillo, and Supreme w’as studied in 1930. 
As stated, all the F 2 plants were tested in the F 3 generation in all of 
the crosses insofar as there was available seed. 

Hope MAitgeiLLo 

The Fi hybrids of the Hope x Marquillo cross had awnlets slightly 
longer than those of the ^Iarquillo parent. The F 2 and F 3 plants 
grown in 1930 were described in three classes, namely, awned like 
Hoi)e, strongly awnleted like the F,, and awnleted like Marquillo. 
The numbers obtained in the Fj and F^ generations were compared 
with the calcMilated numbers in a 1 : 2 : 1 ratio by the x“ pr goodness- 
of-fit method, giving R values of 0.80 and 0.33, respectively. The 
results obtained in both the F 2 and F 3 generations, therefore, show a 
singh*. genetic fac^tor difference for awnedness between the two varie¬ 
ties, Hope and Manjuillo. This single-factor difference is similar to 
(hat shown by Bitfen in 1905 (4) and by many recent investigators. 

IIopeXScpkkmk 

In (he Ho])e < Supreme (Toss and its reciprocal the Fi plants were 
a])ically awnleted or niore nearly like the awnless parent. The ¥2 
plants were grouped in three classes: ( 1 ) Awnless like Supreme; ( 2 ) 
a heterozygous grouj) with awns varving in length between the two 
])arent varieties; and (3) awned like the Hope parent. Awn types of 
the Fs lines were placed in six groups: ( 1 ) Awnless; ( 2 ) segregating 
awnless to awnleted; (3) awnleted; ( 4 ) segregating for all types from 
awnless to awned; (5) segregating awnleted to awned; and (G) awmed. 
The results obtained in the F 2 and F 3 generations showed a very 
satisfactory lit to a two-factor difference for awnedness when similar 
iiumbers w ere compared by the x‘ or goodness-of-fit method, P values 
of 0.12 and 0.07 being obtained. 

The assumption of a tw^o major factor difference betw^een crosses of 
an awned and an awmless wheat is in accord with that of Howuird 
and Howard (!38)j (?lark (*9), Clark, Florell, and Hooker (70), and 
Stew^art and lle;gwood {4i)> 

MAiiguiLLoX Supreme 

The Fi plants of this cross were apically awmleted and more nearly 
like the awmless parent. The F 2 plants were placed in tw^i classes: 
( 1 ) Awnleted like the Marquillo parent, and ( 2 ) all plants having 
shorter awns to awnless, or similar to those (»f the vSupreme parent. 
It w^as diflicult to separate the awnless and apically awmleted plants 
because of the variation in a single plant. Therefore, in analvzing 
the data, these two classes w^.re grouped together. The results in 
both the F 2 and F 3 generations show a single major factor difference 
foi:* awnedness between Marquillo and Supreme, wdien the numbers 
are compared by the goodness-of-fit method. A P value of 0.40 was 
oBtained in both cases. These results are in accord wuth those ob¬ 
tained by Stew^art and Tingey m. 
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OP COLEOPTTLE 

The iirst foliage loaf to appear when the yonri^ |)larjt enu'r^es from 
the soil is enclosed in tlie ])hiiniilc sheath, or ooleoptilo. *Acoordinj^ 
to Percival (So) the ooleoptilo of wheat may he pale ^reen, colorless, 
or pink. 

The coleoptiles of Hope wheat plants are purple. This color per¬ 
sists, as in 11-44 as described by Qnisenberrv (S9)j after the foliage 
leaves i::row out of the coleoptile; and in some cases the purple tin^e 
shows at the base of the first leaf. Marcjuillo and Supreme have 
distinctly pale-irreen coleoptiles. Data were obtained on the color 
of the coleo])tile of the parents and hybrids in the two eros.ses of which 
Hoj)e is one of the parents. Ap|)roximately 40 jdants were available 
for the study of each of the hybrid linos, and, in addition, a lar^e 
number of parent plants were classified. The intensity of coleoptile 
color was variable and ap])eared to be influem’cd by temperature' and 
sunlight at the time of genuination and emergence'. All the* data 
for an F.i line were combined tf) determine tlie bn'cditig behavior of 
this (*haracier. The plants were placaal in two classes only pfirplish 
or green. All Ho])e jdants were classed as ])iirple and tlutse of Mar- 
quillo and S\ii)reme as green. A comparison of the numUus obtained 
for purple, segregating, and green, with the calculated urn her based 
on the 1:2:1 ratio, gives a P value of 0.4S. This is a salisfa<‘tory 
lit. Jioth crosses wuth Il()[)e as one parent indicate that a single fac¬ 
tor is involved in the inheritance of (‘olor of coleoptile. In the 
MarquilloXSupreme cross all plants of the lines were gre(m. 

1N1)EPENDEN('E OF TUnOTlON IK THE (mAHXCTEKS Sl'UDlKl) 

A study was made of the interrelations of the various characters. 
A measure of the relation.ship between th(‘ distribution of two char¬ 
acters W’us obtliined by calculating x“ for indepemhuua' and by deter¬ 
mining the value of P from Fi.sherV table {14)- To lind tin* value of 
P froju this tal>le, Fisher’s plan in regard to the number of dc'grees of 
freedom has Ix^en followed. In a fourfold by threefold table in whi<*h 
/' - rows and c columns, n - {/ 1) (c - 1 j, or six (h'gnx's of frt'-edom. 

The P value i.s obtained for six degrees of freedom aiul for th<‘ cal» 
(uilated value of x^- 

The studies of the interrelations of reaction to stem rust (both 
seedling and mature-plant reaction), bunt, black chaff, awnedness, 
and coleoptile (‘olor are summarized in table S. 

All (‘haracters were inherited independently, wutlf the exception of 
.stem rust (field) and black chaff, and stem rust (field) and seedling 
reaction in the Hope ^^Manjuillo cross. In the reaction of this cross 
to stem rust (here wuis a tenderuy to association, probably genetic, 
of the maturc'-plant reaction in the field to a collection of jdiysiologic 
forms with tin' seedling reaction in the greenhouse to form 3(). The 
data showing'this relationship are pre.sented in table 9. 
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1 n(t(^pen(f( rtf irifirritanrc of ihr cha^icfers in ihv and Fn irht nl crosses 
of llopcy MnrqinUo, ait?i Supreme 
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Of the 24 lines i-esistant in the field, 13 were resistant to form 36 
in'the preenliouse, aiid of the 22 lines susceptible in the field, 6 were 
resistant to form 36 in the {ireenhouse. The value of 1* is less than 
ft.Ol, showing that the two reactions are not iiidej)endent. These 
results are similar to those obtained by Neathy (SS). 
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In the two crosses HopoX^arquillo and Hope X Supreme, there 
appeared to be a tendency to linkage between reaction in the field 
and to stem rust and to black chaff. This tendency has •been ob¬ 
served at University Farm for several years. Table 10 shows the 
relationship between the two diseases in the field in the F 2 and F^ 
generations. * 

Table 10 .— Read ion to fitem rust and hlack chaff in the field in F 2 planU and 
lines of Hope''AMarqinUo and IIope\Supreme wheat crosses 

HOPE xmarqtullo, Fj plants* 


Rouctioii to stem rust 


Number of plants or lines 

nuiicjitcd leiirtionto black chalT 


L ! Total 


1 I -lOS I 112 

Ki I . 3 . 1 s i 43r. 




JIOPK X SUTMtEMF. F- PLVNTS « 







* M 

i 

! 

1 

1 

L 

1 Total 

A\- 


_ . . . 1 Oft 

lf)2 



i 

. ' 22 s 




.^71 



. > r.io 

if. . 


. - ' 1 




, 300 


Totiil_ 

_ , UK) 

i 1,092 



' 1.108 



iroPE X M \UQUILLO, Kj I.IMCS ^ 







1 

i 11 

L- 

i 

L 

! I'ola! 

L- 

A.. 


i 

IS 

i 


10 T1 



1 "j 

;{i 



10 7.1 

// 


1 21 

! 2S 



.17 07 

.S’-. 


- - , } 1 

I 7 i 



11 22, 


- - 


1 

„ 


li 7 


Total - - 

- - -- - 

[ sTj 



ItKl 1 202 

1 



HOPE X srpilEME, Fa LINES ^ 






— 


! • 






11 niifl 

L 

! 

1 

L 

Total 

H. 


5 

1 

... 


1 

»i 

li-~ 


' ■' - 1 11 

IH 



29 

II.. 


- Iff 

20 



3(1 

.S’- 


... - -i 7 

18 



25 

.S. . 


. . . 0 

7 



V 


Total -. 

... . IVJ 

! r>4 

i __ 

... 


... j 103 



“ P-le.ss than 001 fc/P =0 01 . 


.03 




There was a tendency to linkagre in the crosses in the same direc¬ 
tion as in the parents, both F 2 plants and P’s lines resistant to stem 
rust being more susceptible to black chaff than the nist-susceptiWa 
plants and lines. In spite of this linkage, a considerable number of. 
plants' and lines appeared to be resistant both to stem rust and 
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bla(*k (‘hiifl’, and it would seem, themore, that when Hope is used 
as one of the ])arents lines may be obtained from4hese two crosses 
that wilhbe n^sistant to both diseases. 

STOMATAL BKIIAVKJK IN RESISTANT ANJ) SUSCEPTIBLE WHEAT HYBRIDS 

As previously mention(‘<l, Hart , 2‘2) has suggested that the 
“mature plant resistance’" of certain wheat varieties and hybrids to 
stem rust under field (‘onditions may be due to “functional resist¬ 
ance"’, or the behavior of their stomata, but Peterson iSO) was 
unable to verify her observations. 

In the pT’Csent study of stomatal behavior, four F 4 lines of eaidi 
of the classes- resistant, semiresistant, and susceptible—from the 
three crosses previously described were selected and grown in 1931, 
togetlier wdth the ])arents. These were space-planted 27i si^eds per 
7 ’ow' in h-foot rows. The rows weri' arranged at random for each 
cross ami were <L\amined without knowh^dge of their identity. The 
mi(*rosco])i(‘ observations were begun shortly before heading and 
('nded approximately 2 weeks after the heading date of the latest 
variety ot* hybrid lines. The first observations were made 30 minutes 
after sunrise and repi'ated at 30-minute intervals until the stomata 
were classcMl as open Only the stomata on the leaves were studied. 
They were examined under flu^ low' ])ovv<'r of a microscope, without 
the use of the fine adjustment, while the huives were on the plant. 
The rows were always examined in the sann^ order, that is, from 1 to 
10, II to 20, and 21 to 30, It recjuired 9 minutes to examine a series 
of 10 rows. The stomata of the huives on the last row examined 
may liavc' been more widely open that those of the first row' because 
of the extra 9 minutes of sunlight Six leaves of approximately the 
.same* age wen* examined in each row . (hdy one cross and its j)arents 
w(*re (»xamined in a day, and the three crosses were taken in a definite 
rotation on each succe<*ding day. The HopeManpiillo hybrids 
an<l par(*nt-s wen* examin(*d on the first day, Hope <Supreme on the 
S(»cond, Manpiillo Sujmune on the third, etc. 

The d<*grees of stomatal opening were classed as open, half open, 
•narrow slits, and closed. It is more difhcidt to classify the stomata in 
the two classes half open and open, us the stomata ])ass gradually 
from the closed condition to open; hence the narrow-slit class is the 
most reliable indication of the (*omparative degree of opening. A 
study also was made of the number of stomata in each variety and 
hybrid lim*. Ff>r this jiurjiose three counts of the number in the 
microscopic field were made at random on each plot. 

Table 11 shows the average date of heading, the average number of 
stomata, and the average number of 30-minute periods required for a 
variety or hybrid line to attain a certain degr(‘e of stomatal open¬ 
ing. There are three ver>^ important factors—light, temperature, 
and humidity—^that cannot be controlled under field conditions. 
Light intensity appears to be the main factor governing stomatal 
behavior. Cloudiness affects the rate of opening on any particular 
day and the time required for the stomata to attain a certain degree 
ot«opcning on the diffei’ont days. However, it should be possible to 
detect stomatal differences in the field if stomatal behavior is the 
basis of functional resistance or susceptibility, although it would 
be more desirable to make the study w^here the various factors coidd 
be controlled. 
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Table 11 .- Date of hvndingj num^' of stomata^ and number of SO-minuie veriods 
required for stomata to open in jtarent and h\ lineit of HopeX MarquiUo^ flopeX 
Supreme, and MarquilloXSupreme wheat crosses „ 

(Dafa represent aveiaKCs of observed valuevsl 
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Tho data do not indicate any relation between stoinatal beliavior 
and rust reaction in any of the three parents or crosses. Siuc(> the 
resistant lines had no rust, the seniiresistaut lines a little T ust, and the 
susceptible lines much rust, the differences in stomafal beliavior, if 
any, should also have been consistent and distinct. 

Climatic conditions were very abnormal during the period of this 
study. Temperatures were extremely high and moisture was de¬ 
ficient. As the plants were shorter than they normally are, the flag 
leaves caught the first rays of the morning sun. This may account' in 
part for the regular opening of the stomata on the different varieties 
and hybrid lines. * 
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Inheritance oj Reaction to Unease in W heat Crofinen 

One of the difliculties encountered in this study was the differences . 
in the stage of (hwelopnient due to different dates of heading, as indi¬ 
cated in lable 11 . Hope headed on July 10 , Marquillo on July 4 , and 
the Hope / Marctuillo lines varied from July 4 to July 12 , extending 2 
days past the date of the late-heading parent. Supreme Inuided on 
July 7, while the hybrid lines with Ilo])e as the other parent headed 
from July 5 to 11 . The heading dates of the MarquilloXSupreme 
hybrids ranged from Jidy 4 to 9, most of them heading later than 
eitlier i)arent. However, there does not, apj)edr to be any (‘orrelation 
between the date of heading and the time of opening of the stomata; 
it tlu^refore ap])ears that the differences in heading dates do not 
invalidate the conclusions. 

The average niunber of stomata in the niicrosco|)ic field was 142 for 
Hope, IJl for Marquillo, and 149 for Supreme. In the HopeXMar- 
(juillo hybrids the average number of stomata ranged from 115 to 149; 
in the Hope / Supreme hybrids, from 1J4 to 192; and in the Marquillo 

SupreiiK^ hybrids, from 180 to 171. There appears to be no rela¬ 
tionship f)et\\een th(‘ average number of stomata in a particular line 
and its resistance (»r susceptibilit^y to stem rust. These results are in 
agreem(*nl'With those obtained by Hursh 

SUMMARY 

Studies wore juade to didermine the manner of inheritance of reac¬ 
tion to st(‘m rust, bunt, and bla(‘k chaff and of avvnedness and color of 
coleoi)til<' in triangular crosses of the three spring-wheat varieties 
H(q)e, Mar<{uillo, and Suj)reme. A study was made of the inheri¬ 
tance of ea<*h individual character and of the independence of differ¬ 
ent combinations of chara(*ters. The relationship between stomatal 

• btdiavior and mature-plant reaction to stem rust in the field was also 
studied on th(‘ f)arents and F 4 lines of the triangular crt)sst‘s. 

Kpidemic coiuUlions of stem rust were obtained by increaring indi¬ 
vidual physiologic forms of the rust in the greenhouse and hypoder- 
micallv inoculating at heading time the plants of the sus(‘eptible wheat 
^ varieties in the borders and alleys in the field with a water suspension 
from a mixture of urediosjmres of all available forms of the rust. In 
addition, susceptible varieties of wheat were grown in the greenhouse 
to the heading stage, inoculated with all the available physiologic « 
forms of stem rust, and then transplanted to the field. Bunt infec¬ 
tion was obtallied by dusting the grain with chlamydospores before 
sowfing. Black-chaff infetdion was studied under natural infection 
conditions in the rust nurseries. 

In the Hope X Marquillo cross, inheritance of mature-plant reac¬ 
tion to stem rust appeared to depend on three or more factors. 
Inheritance of the mature-plant semiiTsistance of Marquillo appeared 
to depend on factors that were not allelomorphic to those controlling 
inheritance of the mature-plant resistance of the Hope type. In the 
Hope X Supreme cross, inheritance of the mature-plant resistance to 
stem rust appeared to depend on at least two factors. In the Mar¬ 
quillo X Supreme cross, at least three genetic factors appeared to be 
concerned in the inheritance of mature-plant resistance and suscepti- 
b^ility to stem rust. 

• Seedlings of the F 3 lines of the Hope X Marquillo, Hope X Supreme, 
and Marquillo X Supreme crosses were inoculated in the greenhouse 
wdth physiologic form 36 of stem rust. The F 3 lines of Hopex Mar- 
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quillo and llopeX SupmiK' segregated ap])roximately in the ratio of 
1 resistant to 2 ^segregating to 1 siiseeptible. All th(^ F;^ lines of 
MarquilloX Supreme were susceptible. 

It was impossible to determine the munber of genetic factors 
involved in the inheritance of reaction to bunt o^ the three crosses 
studied, but the results indicate that the greater the susceptibility of 
one or both parents the greater the tendency toward susceptibility 
of the hybrids. 

Black-chaff infection was light. In general, segregation occurred 
in the two (Tosses having Hojie as one of the parents, but no conclusion 
could be readied concerning the number of factors involved in the 
inheritance of this (diaracter. vSegregalion did not occur in tfie 
Marquillo >< Supreme cross. 

Hope is awned, whereas Manjuillo is awnleUnl. Segivgation of this 
character indicates that a single genetic factor is involved. In the 
HopeX Supreme ciuss, in which the Siiprenu^ parent is awnl(‘ss, 
segregation imlicaters that tvv(» g(metic fa(‘tors are involved.. In th(‘ 
Marcjuillo XSupr<‘me cross one genetic- factor app(‘an‘d to (\\[)laiu 
the segregation. 

wSeedlings of Hojie have a juirple coleojitile in tlie greenhouse, 
whereas those of Manjuillo and Supreme have a green coleoptili*. 
Segregation of this character in the two crosses having Hope as one 
of the panmts indicates that a single factor is involved. AIar(|uillo 
and Supreme have distinctly pale-green (*oleoptil(‘s. In the Alar- 
quilloXSupreme cross all plants of the F^ lims were green. 

Independence of reaction to all combinations of stcju rust, bunt, 
and black chaif, and to awn dev('Io|)ment, and to c()l('o})tih‘ (‘olor 
was studied by means of the lest. 

The inheritance ^ of the following combinations of characters, 
appeared to be independent: Mature-plant reaction to stem rust in 
relation to bunt, seedling reaction (except in Hope / Marquillo), 
awnedness, and color of coleoptile; black chaff in relation to bunt, 
seedling reaction, avvm'dness, and color of coleoptile; bunt in relation 
to seedling reaction, awnedness, and color of coleoptile; awnedness in 
relation to seedling reaction and color of coleoptile; and seedling 
reaction in relation to color of coleoptile. 

There ajjpeared to be a tcmdency to linkage or association of matuiT- 
plant reaction to stem-rust and seedling reaction in the Hope < Mar¬ 
quillo cross and mature-plant reaction to steju rust and reaction to 
bla(*k chaff in the crosses of Ho])e with Marquillo aifd Supreme. 

The relationship between stomatal behavior and reaction to stem 
rust was studied microscopically under field conditions. The lests 
included resistant, semiresistant, and susceptible hybrids from the 
three (Tosses Hope X Marquillo, Hope X Supreme, and Marquillo > 
Supreme. Only slight differen(‘es were noted in the stomatal behavior 
in 1931 and these did not appear to be correlated with rust reaction, 
it therefore would appear that the resistance of Hope is not due to 
stomatal behavior. 
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CORRELATED INHERITANCE OF REACTION TO STEM 
RUST, LEAF RUST, BUNT, AND BLACK CHAFF IN 
SPRING-WHEAT CROSSES' 

By H. K. Hayes, chief j Division of Agrononiy and Plant Genetics^ Minnesota 
Agricultural Experiment Statioiiy and collaborator, Division of Cereal Crops and 
Diseases, Bureau of Plant Industry, United States Department of Agriculture: 
E. R. ArsEMUs, associate agronomist, Division of Cereal Crops and Diseases; 
E. C. Stakmax, head of section of plant pathology. Division of Plant Pathology 
and Botany, Minnesota Agricultural Experiment Station, and agent. Bureau of 
Plant Industry; and K. II. Bambekg, agent, Division of Cereal Crops and 
Diseases 

INTRODUCTION 

For inoiv tlum LM) yoars (‘ooperativo studios to dovolop rust- 
r(‘sis(ant varitdios of vvlauit have boon undor way botweon tho Biiroau 
of Plant Industry of tho Unitcnl Statos Dopartinont of Agrioulturo 
and tho Miniiosota Agricultural Kxporiinont Station. In rocont 
y(*ars tho objoctiv(‘ has b(‘on to l)rood higii-violdino:, hitrh-quality 
variotios of wheat. n‘sistant not only to stoni rust {Pucciiiia (jraminiK 
Pors.) but t(» other important diseases, such as loaf rust {P, inticina 
Kriks.), bunt (TUIetla trhicl (Bjork.) Wint. and 7\ leris Kuhn), scab 
((Hhhfrelld saabinciil (Mont.) Sac(‘.), black chaff [Bacierlum trails- 
htcetis nndulosnm Smith, Jones, and Roddy), and root rots, princi- 
pally those caused l)y Uflviiiiihosporlinn saiirnni Pam., King;, and 
Bak., and Fusanmn spp. 

flo[)o and 11-44, tho A^ariotios used most recently as the parents 
resistant to stem rust, leaf rust, and bunt, arc very susceptible to 
t(n* bacterial black-chaff disease. Observatioii and certain experi¬ 
ments indicate that there is some tendency for resistance to stem 
rust and su.sce()tibifity to black (*haff to be associated in the segre- 
g:ates of crosses having; as one of the parents either Hope or H-44 or 
a related strain. The experiments reported in this paper w^ere con- 
du(‘ted to ascertain the (yxtent of genetic linkage or association of 
these dis<‘ases. It is thought that the results may supplement in a 
u.seful way a comj)anion contribution by one of the writers.^ 

Sin(‘e most of the pertinent literature has been reviewed in the 
companion paper referred to, it seems unnecessary to ])resent such a 
review^ here, An»abstract of a paper presented at the Sixth Inter¬ 
national (\)ngress of Genetics at Ithaca, N.Y., in 19J2, gives a brief 
outline of the studies in Minnesota that have led to the present 
appreciation of the importance of mature-plant resistance A 

> lieceived for publication Oct. 11, IIKW; i.ssue<i February iya4 rooiieriitive investigatiflu.s of the 
Minne.sota AKricullural ExiHTiiiient Station and the T)i\isiou of C'ereal Crops and l)isettse.s, Bureau of 
Fliinl Industrj, U.S. Department of Agriculture. Paper no. J0y;t of the Journal .senes, Minnesota 
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MATERIALS AND METHODS 

The experinienls reported herein were conducted in 1929 and 1930 
at Ihiiversity F'arm, St. Paul, Minn. Those for the first season were 
limited to a cross between 11-35 and Marquis and those for the second 
season to <'rosses in which 11-44 was used as one ])arent and Kota < 
Manpus No. 11-19-107 or Double (Voss No. 11-21-2S as the other. 
11-44 and 11-35 were obtained from crosses between emimu* and Mar- 
(|uis wheat. They have 21 chromosomes, and so far have been 
highly resistant to stem rust under field (‘onditions. 11-44 has been 
resistant to leaf rust and also to bunt. Both are very susceptible 
to black chaff. 

KotaXMarquis No. 11-19-107 and Double (h*oss No. 11-21-2S 
were selected as parents on the basis of preliminary yic'ld exj)eriments 
and milling and baking tests. They appear to excel in agronomi(‘ 
characters and in milling and baking quality. They are moderately 
resistant to stem rust, highly resistant to bla<‘k chaff, susceptible to 
leaf rust, and moderately susceptible to bunt. 

The parents and F.i lines were grown in special nurs<u*ies-, ilic plants 
being spaced 3 incdies apart in rows 1 foot apart. 

The Fa lines were frojn a random selection of lA [)lants. .Vppro.xi- 
mately 10 rows of ea(‘h parent were grown at regular int(‘rvals uiihin 
each series of Fa lines. One or two rows of ea(‘h line, each row con¬ 
taining 25 seeds, were sown in bhxdvs 0 by 132 feet, thus allowing 132 
row^s to a block. The blocks w^ere surrounded by rows of susc('p‘ible 
varieties sown crosswise through the alleys and in the border rows. 
A rust epidemic was induced bv dusting urediospores on plants in 
the heading stage in the greenhouse and then transplanting tfn‘s<‘ 
inoculated plants to the border and alley rows in the rust nursiuy. In 
addition, a water suspension of urediospores of the availabk» forms of 
stem rust was injected hypodermically into the up])er leaves of plants 
in the heading stage in the ])order and alley rows. This method has 
been very satisfactory. 

Bunt was studied in a se])arate nursery; black chaff was studied in 
the rust nursery. For the bunt studies the wlu'at w^as inoculated 
dusting with bunt spores just before sowing. Black chaff developed 
from natural infection, 

JIUST 

In order to compare tht'. reaction of the various F 3 lines to stem 
rust and leaf rust the |)lants of each F 3 line were ])hiced in one of thr(H'. 
classes, designated /?, and N. K includes plants w ith no infection 
or only a trace of rust of the type of pustule commonly associat<Hl w ith 
resistance; SR, or semiresistant, includes plants that appeared rather 
resistant, the type of pustule being smaller than in the susceptible 
group; and S includes susceptible plants on which there were large 
(‘onfluent pustules and severe infection. Each F 3 line was classified on 
the basis of reaction of all F 3 plants. The lines were then grouped 
according to breeding behavior. The groups for reaction to leaf rust 
and stem rust were as foltow^s: 

U Breeding true for R, 

R — “Containing R. and SR plants, or breeding? true for SR tvpe. 

II HcRregating for R^ SR, and S. “ * • 

/f — -Segregating for SR and *S. 

. S Breeding true for S. 
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BUNT 

The iiuinhor of bunted spikes was divided by the ft)lal nund)er of 
spikes in each line, the result showing t he percentage of infect ion. The 
counts were made separately for each parental and K 3 line. 

• BLACK CHAFF 

Notes on black chaff were taken on individual plants and the degree 
of infection was indicated as heavy, medium, or light. The lines were 
then grou])ed into 7 classes, as follows: (^lass 1 , very heavily infected 
and apparently homozygous for sus<*eptibility; classes 2 to (>, inter¬ 
mediate degr(‘es of reaction: classes 3 , 4, and o, apparently segregating 
and (*ontaining both highly sus<*eplible and ap])arently very resistant 
plants: (‘lass 7, highly r(‘sistant and showing onlv slight traces of black 
(‘haff. 

EXPERIMENTAL RESULTS 

The results of the experiments on reaction to indixidual diseases 
ar(‘ prvsenred first and are followcal by a study of independence in 
reaction to* the various combinations of disease's. 

RF\(’TI()N TO STEM RUST 

The r(*actionto stem rust is summarized in table 1 . (\)mparisons 
are shown betwc'en the reaction of the F 3 lines from the crosses of 11-44 
with Kota * Manpiis \o. lI-ltLlt)7 and witli Double Cross No. 
I1-21-2S and the reaction of the parent rows, in 1930, and the reaction 
of the ])rogeny of ])lants in the F, generation, in 1931. The purpost* 
of the F, t(*st was to determim' the accuracy of the F 3 (‘lassification. 

1. Sh fti-rus( vvactwn ni partuf rau's and and lines oJ three icinat 
« crosses yrown at rnirnsiti/ Form, St. Pant, Minn., UOdO, and JfUl 
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I;i the studies of the cross between H-44 and No. 11-19-107 jerown 
in IIKIO, all 10 rows of (heTl-44 parent were classed in the jrroups Ji and 
R *. Of the 10 parent rows of Kota 'Manpiis No. 11-19-107, 0 were 
placed in the R - group, whereas 4 rows gave a preponderance of 
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susceptible plants. This might be explained by the presence of 
physiologic* forms that caused the epidemic in particular rows, or by 
environmental conditions in the field that caused more severe infection 
in some rows than in others. Of 107 F 3 lines selected at random, 35 
were'placed in the resistant group. If the correct classification of the 
a and R— lines is in a ratio of 4 to 1, as in 11-44, 8 or 9 more lines might 
be considered as bleeding true for resistance, making a total of 
approximately 44 out of Kw for this group. This is a ratio of about 
1 homozygous resistant to 3 susceptible. These results may be 
explained on the basis of a single-factor difierence for the H-44 type 
of mature-plant rcvsistance. 

Two rows of each of tlie parents 11-44 and No. 11-19-107 were gi'own 
in the rust nursery in 1931. Both rows of H-44 wcue ]>la(*ed in the 
R class, whereas the progeny of two plants of No. 11-19-197, <*lassed 
in 1930 as Sy were placed in R in one case and in // in tin* other. 
Various categories of F 3 plants were studied in Fj, the selections 
being made from segregating F 3 lines. The progemy of R plants in 
1931 produced homozygous R lines and lines classed in all other 
groups except the S group. The SR plants produced no lines that 
bred true for the R group and only 3 for the R group: other liiu's 
were classed in the //, II , and S groups. One of the progenies of the 
4 susceptible plants was placed in the II- ( lass and 3 in tin* S class. 

An analysis was made also of the data from the cross of H-44 with 
Double Cross No. 11-21-28. Apparently one factor may (‘xplain tin* 
H -44 type of reaction in this cross. \Mnle no attempt has b(*en made 
in these studies to determine tl»e number or nature of factors con¬ 
tributed by the Double Ooss parent, the possible relation of su(‘h 
factors to those governing the mature-plant resistance of H-t4 has 
been considered. 

In the cross H-35XMarquis it is impossible to say how many fac¬ 
tors are involved for the 11-35 type of reaction. (\)nsid(‘ring the 
proportion of heterozygous lines it seems ])robablo that the results 
cannot be explained satisfactorily on a single-factor basis. Studies 
made previously in Minnesota and at the Dominion Rust Labora¬ 
tory at Winnipeg, Manitoba, indicate that s(*veral genetic factors aiT 
responsible iov the mature-plant resistance of the Kota type* and of 
the Minnesota double crosses. 

KEACTION TO LEAF KUST 

Data on the reaction to leaf rust of the parents and the F 3 lines 
of two wheat crosses are presented in table 2 . From these data it is 
apparent that segregation has occurred. It appears rather easy to 
recover the type of resistance of the H-44 parent. No definite (‘on- 
clusion can be made regarding the number of genetic factors involved. 
If the two crosses are considered together, it is seen that, of 354 F 3 
lines grown from random selections of F 2 plants, 28 lines were grouped 
as R and 47 lines as R — , It appears that only one or two factor 
pairs are necessary to explain the results. LiUlo is known of the 
causes of mature-plant resistance to leaf rust or of the part played 
physiologic forms in producing the results reported in this pa 4 >cf. 
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Table 2.— Leaf-^rust reaction in parent rows and lines of H-44yAMarquis'K 
Kota No. 11-19-167) and H-44y I^ouhle Cross No. 11-21-28 y groum at Unwersitij 
Farniy Si. J^aul, Minn., 1980 • 



REACTION TO BUNT 

Tli(* (liita on tlie reaction to hunt of the parent rows and Fa linos 
of two wheat (‘rosses are presented in table 3, 


Table '8 - Hunt reaction in parent rou\s and F.i lines of 11-44^ (KotaY Marquis 
No 11-19-167) and 11-44 ' Double Cro.ss No. II-2t-28y grown at University 
Farm, St. Pauly Minn.y 1930 
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H-44 appears to be highly resistant. Of the 24 rows powii, 22 
had no bunt and 2 had only 0.1 to 2 percent. From the 2 crosses 
‘4NS lines were powii, and of these 200 had no bunt. The bunt in¬ 
action was li^lit in the parents as well as in the Fa lines, and as 2 of 
the 15 lines of No. 11-21-28, showed no bunt, it seems impossible to 
reach any conclusion regarding the inheritance' of bunt reaedion. 

REACTION TO BLACK ( HAFF 

Little is known* about the conditions necessary for black-chaff in¬ 
fection, and consequently it is difficult to obtain a satisfactory epi¬ 
demic under field conditions. Much variability in infection is found 
in different parts of the same nursery or in fields relatively close 
together. An attempt was made to induce an epidemic in the cereal 
patliology garden, but a more satisfactory epidemic was obtained 
without artificial means in the stem-rust and leaf-rust nurseries. 
Tlie data obtained under these conditions are presented in table 4, 
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Table 4. —Rinciion to black chaff iu parent rou\s and h\ lines of ll-Jf^yiKota'/ 
Marqnh No, J 1-19^167) and 11-,^.^' Double Cross No. grown in 19H0, 

and of Ai argil is, grown in 19Ji9, at Vmversity Farm^ St. Pc{uf At inn. 
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The variable infection of Jl-44 in 1930 emphasizes the dilhciilty of 
the study. Thus, of 25 rows 3 showing only a trace of infection 
were placed in class 7, although it is known that in genend H-44 is 
highly susceptible. It is apparent that segregation t>ccurred in Fj 
and that a large percentage of the F 3 lines was as free from infection 
as KotaxManpiis No. 11-19-107 and J^juhle (Voss No. 1I-21-2S, 
the resistant parents. 

Infection was more severe in 1929, when tlie (uoss 11-35 Manpiis 
was grown. Several F 3 lines apj)eared to he resistant and w(*r(» 
infected not more than was Marquis. 

INDKCENDENCK OF HEAlTION TO THE FOUR DISEASES 

In an attempt to synthesize hybrids resistant to two or more dis¬ 
eases it .is important to determine whether there is association or 
independence in inheritance. If there is association and if the asso¬ 
ciation is due to [diysiologic causes and is dependent upon the same' 
genotypic basis, it would be impossible to obtain a new combination 
or relationshij) of the characters. If the association is dei)end(‘nt 
upon genetic linkage a new combination of parental characters would 
depend upon the closeness of such linkage; that ivS, u])on the fre(|uency 
of crossing-over of the genes concerned. 

Table 5 shows the crosses studied, the numlier of Fa lines, the 
character pairs studied, x“ for independence, n (degrees oi fn^edom), 
and P, It is apparent that reaction to the followirlj? pairs of dis(^ases 
is inherited independently or that the linkage relation is very loose: 
Stem rust and bunt; leaf rust and bunt; leaf rust and black chaff; 
black chaff and bunt. Stem rust and leaf rust apjxair to be distinctly 
associated. In the two comjiarisons of the reaction to stem rust anil 
leaf rust, the values of 7^ for the two <*rosses with lJ -44 were 0.03 and 
0.05. In the comparison of the reaction to black chaff and stem rust 
the values of P were 0.05, less than 0 . 01 , and 0 . 11 . These were the 
only P values obtained that indicated a linkage in inheritance. 

It is interesting to observe the contingency surfaces for.those cases 
in wliich there apfieared to be an association for reaction to .two 
diseases. In the crosses in which H -44 was use(l as one parent,* the 
relationship for reaction to stem rust and black chaff is shown jn 
table 6 and that for stem rust and leaf rust in table 7 . 
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Correlated Inheritance of Reaction to Wheat Disease's fj3 


Tablk .5. /?uh‘f)en<le?U jiih^^ntancv of rfaction to vammx rhscascft in the t\ hues of 

wheat crosses grown at Vnicersitg Farm, St f^auf, Minn , 1930 
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It is tipparent that linkage is in the same direetion as in the ])arent 
varieties, that is, tliere is a preponderanee of lines resistant to stem 
rust, susceptible to black chaff, and resistant to both steili rust and 
leaf rust. However, in the stein-rust-resistant lines the proportion of 
lines in black-chaff classes b and 7 (resistant) is much greater in the 
liybrids than in the 11-44 ])areiit, which leads to the belief that lines 
resistant to the three diseases can be obtained from crosses in which 
H-44 is used as one parent. 


SUMMARY 

Correlated reaction in wheat to stem rust, leaf rust, bunt, and black 
chaff was studied in the Fa progeny of (‘rosses between H-44 with 
Double Cross No. 11-21-28 and Kotav Marcjuis .No. ll- 10 -lt) 7 , 
respectively. The lines were grown from random selections of F 2 
plants. 

Epidemics of stem rust, leaf rust, and bunt were created artificially, 
but bla(‘k (‘half developed naturally m the rust nurseries.. 

Inheritance of stem-rust resistance of the juature-plant type of tin* 
H-44 parent a])peared to be dependent u])on a single genetic' factor 
difference. The moderate plant resistance of Nos. ll-lb-l ()7 and 
11-21-28 ajipeared to be dependent upon factors not allelomorphic to 
those determinhig mature-plant resistance of the H -44 type, as 
susceptible lines were obtained in the Vn generation. There vs as some 
indication that more than a single-factor pair was necessary to e.xplain 
the stem-rust resistance of mature plants of the 11-85 i)a?enl in tlie 
crosses with Marquis. 

It was impossible to determine tln» number of factor pairs i’(*sj)on- 
sible for segregation of reaction to leaf rust, bunt, and black cliatf, 
although a considerable number of resistant types were obtaimal in all 
cases. 

Independence of reaction to all combinations of stem rust, leaf rust, 
bunt, and black chaff was studied by the use of for ind(*pend(ui('(‘. 

The inheritance of reaction to the following combinations of 
diseases appeared to be independent: Stem rust and bunt, leaf rust 
and bunt, leaf rust and black chaff, and black ('half and bunt. * 

There appeared to be linkage in the inh(‘rit.ance of reaction in stem 
rust and leaf rust and of reaction to stem rust and bbu'k chaff How¬ 
ever, a comi)arison of the F 3 rea(*tions with those of the H -44 parent 
indicates the possibility of combining the mature-plant resistain'c to 
stein rust of the H-44 type with resistance to black chaff of many 
varieties and hybrids of common wheat. 



KFFECT OF WASHING ON THE KEEPING QUALITY OF 

HENS’ EGGS' 


By Hkege J.. Biiy\nt, graduate atuderU^ Department of Poultry Husbandry^ and 

Page Kkangis Shari*, profesaor of dairy chemistry, Department of Dairy In¬ 
dustry, Xeir Yi^rk (Cffrnell) Agricultural Ecpcrinu nt Station 

INTRODUCTION 

rn(J(*r the ordinurv system of poultry mann^emont, a considorahle 
pereeiitaire of the ej>:^s n^athered are dirty. Such e^^s hrin^ a lower 
|)riee than naturally clean ones hecaiuse of their insanitary appearance 
and poor kei'ping (juality If the dirty are cleaned I\y cashing, 
the dirt is reinov(‘d hut tin* keeping (juality is not iiufu’oved; according 
to current ideas, it is materially lessened. 

Th(‘ (‘xplanation most frequently offered to ac(‘ount for the belief 
that washed e^<>:s do not keef) so well as uinvashed clean ones is that 
washing: removes a film from the surface of the e^srs which acts as a 
protective coatiuir. Its removal is supposed to open the pores of the 
shell, thus'permitting the entrance of micro-oipmisms wdiieh cause 
spoila^(‘, and acc(‘leratin^ the escape of water, which results in 
slirinka^(‘ or loss in wei<;ht of the eg^ during marketing: and storage. 

Th(» work herein n'corded was undertaken to determine the effect 
on tlie keeping quality of e^^s of washing and of the type of solution 
used in washing. As an incidental part of the study a few* compari¬ 
sons w’(‘re mad(‘ between cleaning by washing and by dry abrasion. 

LITERATURE 

The general ])revalence of dirty eggs is indicated by several investi¬ 
gators. 

In an investigation covering 3 years, Iluttar (/)* foimd that 
among the eggs jiroduced by the (\)rnell j>oultry flock, the percentage 
of dirty eggs ranged from \).H in July to 24.0 in March and averaged 
17.7. He reports: 

4 The flncks from which these were gathered are managed al)out the way 
that the avt‘rag(‘ commercial jionltryman manages liis flock. 

\’an VVagonen studied the effect of nesting material and litter 
on the production of dirty eggs. He found that the percentage of 
<lirty eggs varied from 77 for the experiment with straw litter and 
no nesting materinl to 23.2 with straw litter and shavings for nesting 
material. 

P(umington and Pierce (£0) examined a large number of eggs in 
the New* York market. In one series of 258,490 dozen they found 
12.58 percent dirty and in another series of 238,440 dozen they found 
13.40 percent dirty. Perhaps some of the eggs whicli they classified 
as clean were actually washed dirty eggs. 

1 KpaMved foi publication Mar. 1, 1933, issued Februarj 1104. The major part of thus jjaper was taken 
from a the.sis presented by the senior writer to the Oraduate ScIuk) 1 of Cornell Vniverpu> in partial fultUb 
ment of the rofiuirements for the dejriw of d<»ctor of philosophy, June 1928. 

3 Referwue is njado by number (italic) to Literature Cited, p. 87. 
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Sharp {!3()) oxaininod 80 samples of ej^gs of the dozen each ohtaimal 
from lots ()H‘erc.d for sale in a city of iip-Statc New Y()i*k. losing 
special tests for ileh^cting the cleaned eggs, he found that 1^0 percent 
of the eggs were either cleaned or dirty. 

Some of the factors which affect the loss in weight of eggs have been 
studied. In 19()S Cook, in a report by Wiley et ^d. (»^/), stated that 
eggs in storage for 7.5 months sustained a loss in weight ecpiivalent 
to 5.4 percent of the total weight, which is largely uater from tin' 
whites. Through improved control of storage conditions the los> in 
weight is now about 8 to 5 percent for a storage period of about 
8 months. 

(Jreenlee (10) pointed out that water also ])asses from the wliite to 
the volk. In his experiments he found that th(‘ loss in weight may 
be described by a parabolic curve, the rate of loss increasing with 
temperature and decreasing with time. Neither Cook nor (ireenha' 
indicate whether they kept their eggs in an ('nvironment of (‘onstant 
humidity. 

Dunn (8, j>. Bo) stated: 

If wo regard the rate at which an egg loses weight as an (‘\pres.Mon of the pei- 
ineability of the envelopes Inch enclose it, and espeidally the p(>ro.<u1> t)r tin* shell, 
then the shells of eggs must he more* variable than the si/es of the* eggs themseU e^ 

Dunn (0) determined tin' correlation between the frt'sh weight and 
the percentage loss in 2 lots of eggs and obtained the values / 

— 0.881 1 ().()4() and /• " —0.857 i 0.008. When tin' fresh wt'iglil was 
correlated with the ab.solute loss, the value was r ' 0.IS7 0.044 

The larger the eggs the greater was the absolute loss but lh(' ^smaller 
the j)ercentage loss. Considering the rate of evaporation j)er unit 
surface, Dunn concluded (/>, p. 170)\ '‘It is legitimate' to assume 
* * * that the shells of larger eggs are somewhat h'ss porous and 

tend to conserve inoisture better than the shells of smalh'r eggs ” 

(hjrtis (7) and dull il()) found that the weight of the shell was (juite 
variable as comj)ared with other parts of the c'gj; 

The conditions under w hich bacteria will grow' in egg whit(' and shell 
eggs have received (‘onsiderable attention. Wurtz ^eholl ( 

Laschtschenko (77), Kettger and ,S|)erry (^7), and ollu'rs have* show r 
that egg white has germicidial properties. Ilealy and Peltu* (/. ) and 
vSharp and I^)W'ell (27) reported that th(‘ hydro.vyl-ion comamtration 
of the wdiite of eggs increases very rapidly after tin' eggs are laid, 
owung to the loss of carbon dioxide, and af)j)roaches as a limit pH 
9.5-9.7. Sharp and Whitaker (20) and Stark and vSharj) (HO) demon¬ 
strated that the germicidal action of the egg whitt' is ifilluenced mark¬ 
edly by this change in hydroxyl-ion concentration. 

Pennington (19) and Stiles and Bates (31) found that a considc'rabh' 
number of fresh eggs contained bacteria, although the bacterial (*ount 
in most cases was^ low. Th(\v plated the material as soon as the <*ggs 
were opened. Since others were ske])tical Ix'cause this method 
yielded so many sterile eggs, they separated the white and yolk and 
Incubated the yolk in a flask for some time before plating. Csing 
this method, \laurer (IH) found bacteria in 22.0 percent of one lot 
of 292 fresli eggs and in 25.4 percent of anotlier lot of 288 eggs. Bush- 
nell and Maurer (//) found that 23.7 percent of 275 eggs examliual 
contained bacteria, and Hadley and Caldwell (12) found that of 2 ,* 50 <t 
fresh e^gs examined 8.7 percent contained bacteria. This method of 
sepatating the yolk and allowing it to incubate for some time before 
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Ims tli(* very serious disadvantage that the yolk may l)eeoni(‘ 
contaminated durings its se[)aration from tlie egg irtid iritrodnetion 
into the flask. 

The study of the baeteriology of fresh (‘ggs l)y Kettger (^/) de- 
serv(‘s (‘special conj^ideration. The (*ggs which he examiimd ' were 
nonnal clean on<‘s. After incubating the whole yolk from fresh 

(‘ggs he found 9.5 ])(*rcent infected. Of 947 eggs in which he pipi‘lted 
10 cc of voJk for a saniph* for incubation, the infection was 5 SO percent. 
H(‘ .says: “Kven 3.9 per(‘(uit is, in all probability, (‘onsiderably above 
th(‘ actual figures, could accidcmtal inva.sion of bacteria in the tests 
b<‘ entirely ])revented.” 

If bacteria are present in fr(‘sh (‘ggs, the munlxu* should be increased 
b\ incubation. Kettger immbated 1,740 (*ggs for 7 to 10 days and 
found 2 75 })ercent infection; 2,100 (‘ggs for 2 weeks and found 1.3 
jxu'cent infection; and 1,9S4 (‘ggs for 3 w(‘(‘ks and found 3.0 p(‘rcent 
infection. 

Th(‘ f()lh)\\ing statcunents by Kettger are so significant in relation 
to th(‘ problem tr(‘at(‘d in this paper that thev are ({uot(‘d (2/, pp. 

MS, /JO)’ 

ll nni>o^Nil)l(‘ to t'md a sati'^facton explanation ot tin* niKpialific'd success 
uliieli iv attainefl with >onie of tlu‘ Ntronjrlv ad\tK‘ated j>ro(‘es.ses foi prexawin^ 

• •1 })jcklua< unless ii is a.ssumed that sound, fresh e^^.s are, as a rule, 

‘tride ^ 

IIene(‘, 1 h(‘ onl\ saleijuaid of tlu' eonttud.s of the Cigg against Oaeterial deeoin- 
pnsiiion from \\ithm is a stal<‘of a0solut(‘as(‘psisorsterilit\ attheoutset * * 

riu‘ soiling of sht‘lls. <‘specialh with fecal luattc'r, low(‘rs the chanc(‘s ol pres(*r- 
ali(»n of ttu' contents Kggs which an‘ soilecl arc' no longer gc'iinproof. 

J<‘nkins, H(‘pburn, Swan, arid Sh(‘rwood (J4) reported that they 
found bacteria in f(‘w naturally cl(*an (‘ggs after storage; liacterial in¬ 
fection was gr(‘at(‘r in ston'd dirty (‘ggs and gnaiter still in stored 
w a.sh(‘d dirty (‘ggs. 

denkins and IN'unington (Jo) found that dirty (‘ggs sho\\(‘d 12 to 30 
bad (‘ggs per case b(‘fon‘ the candle and 10 5 to 29 additional on break¬ 
ing tin* (‘ggs. Th(‘y stat(‘d that it was not always possible to n'cognize 

wash(‘(l (‘ggs. 

Mf‘:TnODS 

The fa(*tor most often us(‘d in judging the (juality of (‘ggs is the size 
of th(‘ air (*ell, sin(*e it can be s('en ch'arly in the candling t(‘st. Since 
th(‘ in(‘r(‘as(‘ in size of the air (‘(‘11 is due to evafMU'ation of water from 
th(‘ (‘gg, the loss *in w(‘ight of the (‘gg b(‘com(‘s the most accurat(‘ly 
measurable factor in det(‘rinining the effect of the various tn'atiiH'iits 
on evajmration. The number of pon's in the sh(‘lls was correlat(‘d 
with the loss in weight of the (‘ggs as a possible explanation of the 
individual variations that W('re found. 

During storage, water passi's from the white of the (‘gg to the yolk, 
and cons(‘(|U(‘ntly th(‘ p(‘rcenfage of total solids in th(‘ yolk cUauTases, 
The p(‘rcentage of total solids in the white in(‘reas(‘s as a result of tlie 
l)as.sage of water to the air and to the yolk. A determination of the 
total solids.in the white and yolk is, therefore, an aid in detennining 
chaf)g('s in (juality. 

The ability of the yolk to stand up in a dish after the egg is broken 
is«a quality fa(‘tor w hich is readily expressed mimencally by dividing 
the h(‘ight by the width. The better the (piality of the yolk. the 
high(‘r the value of this (|U()tient (2S), 
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Thi'. hydropjen-ion (*on(*ontration of the white and yolk was deter- 
mined as an in<jLi(*atio}i of the storajxe conditions 

If l)acteria ^row fihundantly in the e^^, it deteriorates rapidly in 
quality. vSince in washing (especially dirty ones) hactesria may 
be rubbed through the |)or(^s of the shell, a compt^rison of the bacteria 
foiuul in the white and yolk of the egiJ:s subjected to the various 
treatments A\as made. 

(dean as well as dirty e^^s were washed. By washin<»: (‘hum eg^s, 
the inlluence of the actual washing itself could be studhul without 
the (‘omplicating factor of dirt on the shell. 

The eggs, after being subjecUal to the diflerent tnuitments, were 
stored either at V. (n* at room tem])(U'ature, 20^ to 25^. This 
relativity high temperature was chosem because at lugh(*r t(unpeF’ature< 
deterioration is more rapid and thus the time re<|uir(ul for the e\~ 
periirumts was shortened. 

Since (‘ggs los(» wat(T at dilfeivnt rat(‘s, depcuuling on tlu' humidity 
of the air in which they are stored, the c^ggs were kept in air of con¬ 
stant humidity. This was accomplished by covering th<‘ f)ottom of a 
(‘losed contahuu’ with a saturated sodium (‘hloride solution containing 
an excess of undissolved sodium chloride. The eggs wen* sii|)iu)rt(*d 
on a wire tray about d inchc's above the surfa(‘(* of the solution. Tin* 
container was large (uiough to permit the eggs of an (Uilire (wpt'rinFcnt 
to be ])la('ed in a layer one <*gg dt'cj). The humidity at tin* surfa(‘<* 
of the solution was ap|)roximately 75 perctmt. 

The eggs us(ul wu.*re laid by tlie flocks of tin* Poultry I)(*j)artm<‘nt 
of rornell rriiversity during 1927 -' 2 iS. Tluy wer(* iidertih* eggs, 
produced by White Ji(*ghorn pullets. Tin* (*ggs were i)ut tlirough the* 
various treatnuuits and ])laced in storage tlie day th(\v were laid 
(An e\cet)tion in the (*ase of the extriunely dirty eggs will lx* noted 
later.) No less tKan (> eggs, and frtMjuently 12, were sul)j(*ct(*d to <‘ach 
treatment in an experinu'nt. At stated intcTvals during the storagt* 
period, each egg was weighed to the n(*ar(*st milligram On tlie 
twTntieth day they w’ere candled, and the ajiparent pores or spots 
which could lie seen before the candle wti’c (‘ount(*d on 1 cm‘. 

At the end of tin* storage p(»riod, 27 to 30 days, the* following factoiV 
were determimal: (1) Numlier ('f pores that gave bubbles wlnui tin* 
egg was immers(*d in water and placial under a vacuum; (2) bnuiking 
st rength of the shell; (3) jiresence of bacteria in tin* w hite ; (4) presence* 
of bacteria in the yolk; (5) height and width of the yolk; (0) total 
solids in the white; (7) total solids in the yolk; (S^ pll value of tin* 
white; and (9) pM value of the yolk. 

AVhen the <^ggs wer(* to lx* cleaned with water or a solution, they 
were immersed for about a minute in a container sufficiently large to 
hold both li(|uid and eggs. Each egg was then s(‘rubbed with a 
fairly stiff brush, rinsed in tap water, and phu^ed on a ra(‘k to dry. 
The cleaning treatments, selected because of some special ])ro]xu‘ty 
of the solution, such as acidity, alkalinity, bactericidal effect, or 
abrasiveness, w'ere as follows: (i) Control eggs stored without treat- 
mexit; (2) eggs washed with distilled wuiter; (3) washed* with N/IO 
sulphuric acid; (4) washed with N/10 sodium Inhroxide; (5) washed 
with a water-glass solution, pre])ared by diluting 1 volume of com¬ 
mercial sodium silicate, used for preserving eggs, with 12 volumes^)f 
wuiter; (6) washed with a soap solution prepared by dissolving 50 g of 
white naphtha soap in 3 1 of water; (7) washed with a fairly strong 
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solution of Wyandotte alkaline washinj^ powder; (S) soaked in water, 
dusted with powdered Sapolio, serubhed with a hritsli, and rinsed; 

(9) washed with a liypoehlorite solution prepar(*d by dissolving 1 
])art of a coininereial hypochlorite powder »n 100 parts of water; 

(10) cleaned with si^nd])a])er; fl 1) dipped for 3 ^econds (without previ¬ 
ous treatment) in oil tliat liad been heated to 125^ (\; (12) ^\ashed 
with distilled water and oil-dipped; (13) sandpapered and oil-di])])ed; 
(14) washed with soap and oil-dipped; (lo) w^ashed with hypoidilorite 
solution and oil-dip])ed. 

EXPERIMENTAL DATA 

FA(’TOKS AFFKC'TINO LOSS IN W'KKUTT OF ElKlS 

It was found that tht* e^^s lost about 0.025 ^ (‘ach after being 
washed and dried in air. Just how much of this loss was due to the 
removal of material from the surface of the egg, and how’ much to tlie 
evaporation of watiM* during the drying, is not known. 

Mi THOn OF ('l.F.AMNO 

To det(‘rm.ine the loss in weight of eggs cleamal by different methods 
and held at diffenuit temperatures, the following (‘xperiments w^rc 
math'- 

1. (h'an eggs, stored in cartons, holding temperature 35'^ 
Naturally chain eggs wt'rt' gathered, washed, dried, and weighed 
on the day they wt're laid. They were then placed in cartons liolding 
1 dozen each, and held for 27 days at 35^^ (\ in a closed contaimu* over 
a saturated solution of sodium chloride. One dozen eggs wTre 
sul>j('<*t(al to taicli treatment. Each egg was weighed at 3-day 
iwterxals. It was thought that jiossibly by retarding dilfusion, the 
cartons might have obscured the elfect of the washing. Therefore in 
subsc(juent (‘xpiM’iments tlie eggs were placed in a layer one egg deep 
on a woven-wire ti'ay suspende<l about 3 inches aliove the surface 
of th<‘ sodium chloride solution. 

2. Oh'an eggs, holding temperature 35° V. The procedure was 
'The same as in 1, ex(*ept that tlie eggs were not stored in cartons and 

were weighed at b-day int(a vals for 30 days. 

3. Extremely dirty eggs, holding temperature 35° (\ A (‘ompost 
of hen manure and a bouillon culture of Pseudotnonas pyocyanea 
were made up to a pasty consist(Mi(\v. Fivsh, (‘lean ('ggs vviue dippc'd 
in the compost, allowed to dry overnight, and washed the following 
day. The eggs were made very dirty, so that (wtreme conditions 
might be stu(li(Hl. The weighing was discontininal in ])racti(*ally 
every instance because the gas pressure created bv bacterial iidection 
wdthin the egg caused the contents to spew- through tlu' potx's, result¬ 
ing in abnormal dc'creases in weight. Six eggs were subjected to 
each treatment. 

4. Naturally dirtied eggs, holding temperature 35° t\--Eggs very 
dirty when gath('red from the nest were subjected in lots of six ('ggs 
each to the different cleaning procedures and then held at 35° for 
30 days. 

5. Clean eggs, holding temperature 20° to 25° C. -Naturally clean 
eggs in lots of six eggs each were cleaned as indicated, and stored for 
27 days at room temperature, 20° to 25°, over a saturated solution of 
sodiiim chloride. 
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(). Extreinol}^ dirty eggs, holding temperature 20^ to 25° C.-- 
The procedure svas the same as in 3. The si)ewing was less pro¬ 
nounced, however, and the weighings were sufficiently reliable to be 
presented in table 1. IMie comparatively large loss in weight of the 
unwashed dirty eggs was due to the mechani(;al loss of mat(Tial 
from the surface of tlie shell. 

7. Naturally dirty eggs, holding temperature 20° to 25° This 
experiment was similar to 4, except for the holding temperature. 

The percentage loss in weight of the various lots is given in table 1, 
and the actual loss in weight in grams for the various time intervals 
is given in ligures 1 to 0. The figures indicate a linear relation between 
loss in weigljt and time during the period studied. This is not(‘d 
especially at 35° C., where the temperature control was lu'tter. 

No definite effect of washing on the loss in weight is indicated. 
A definitely retarding effect of oil-dipping on the rat(' of loss in 
weight is showm. 

The size of the air (*ells was measured after th(‘ eggs had been lu'ld 
for 20 days. The eggs that lost the least weight had th(‘ smallest 
air cells. The eggs held at 35° C. had larger air cells than those ht‘ld 
at room temperature. No effect of washing was indicated. 

Table 1.- .iverngc pt rccuUiqc loss in wciifht of tygs c/ranni hy vanous oh thods nnd 

chnnstng agents 


Cleansinp acont and treatriu'iii 


W' ater. 

mso-j, k ( hk .. 
NaOU, N/iO . 

Water v:lii.ss. .. . 

W ater, oiled - .. 

Oile<l only. 

Soap. - . 
Wyandotte powder 

Sapolio _ 

Hypoehlorilo. 

Sandpaper. 

Hypoelilorite, oiled.._ 

Sandpaper, oiled_ 

Soap, f>iled .. , 

Dirty, unwashed., 
('lean, unwashed . . 


(.'lean enjis wallied ’ Kh'ti'' w'ashed anti held at itxan 

and hehl at .W leniperaiure, JO' ( 


— 


Natu?.dl> 
dirluMl eKL's 






vvasheil ami 


30 

27 da>>. 

3(1 d,i> S 

held at 
(' 

27 I lays 



in ear- 
ions 

i 

.’(Udav- 

'(lean 

eiip''' 

Fxlreniely 
»lirt.\ ei.T'' 

\aniMlly 
thrtied ' 
eet"' 

(» h7 ' 

7 


2 r.(i 

2 


r* r>7 

h St 


2 8.1 

2 28 


9<; 

7 21 


2 IM) 

;i ii) 


♦) (12 1 

0 Vh 


2 ns 

‘2 (.1) 


\i 1 

rs 


21 

.V.l 


(m 

. r.3 

u r«s 

(1 


0 

a 21 ’ 

7 i:> 

li 77 _ 

2 SO 

3 08 

4 S! 

12: 

’ 7 2(1 


2 ort ' 

3 41 


U fill ' 

7. i:» 

- - 1 

2 1)8 . 

2 21 


' 

- 

. G 87 ! 


3 88 1 

1 " 4 42 



' a :u 


1 28 

1 1 IS 



• si 



. 2S 


. 

' M . 



1 70 

. 


.4.') 



i .21 


... . 

' (1.04 i 


.') 01 


tA'i ■ 

7.4K 

i 

3 22 . 

3 31) i 

1 

i * 










Fkhire 4 —Loss in weight (grams) of clean eggs after being washed with various solutions am! held at 
room i^miwature (20°-25® C.) and 75 percent humidity for 30 days. 








Jan, 1, iwm 


Kjfect oj WaKhing on Keeping Quality of Ifens’ Eggtt 










76 


Journal of Agricultural Research voi 48,110 i 


Cold Storage 


A case of was placed in an eg^-storage room of a commercial 
cold-storage warehouse. The case contained naturally clean eggs, 
naturally clean eggs which had been washed, naturally dirty eggs, 
and naturally dirty eggs which had been washed. Each egg was 
weighed at the beginning of the experiment and after 4.5 and 
months in storage. The mean loss in weight and the jirobable error 
for each lot follow: 


Storage 4.5 months; 

87 clean eggs, . _.. . 

88 clean eggs washed_ 

83 dirty eggs_ 

89 dirty eggs washe<l. 
Storage 13.5 months* 

84 clean eggs . _ 

86 clean eggs ashed . 

82 dirty eggs. _ 

88 dirty eggs washed __ 


2 317i a 043 
2.315+ .036 
2.416:1- 037 

2.3651 .033 

5. 836 t . 099 

5. 8(i6 t . 089 

6. 034 ^ . 099 

5 91U 086 


The distribution of the eggs w^as varied throughout the case This 
w^as necessary because often there is considerable variation in the 
loss in weight of eggs in different layers and in different sides of a (‘ase. 

The conclusion seems justified that waslhng in itself has no effe(‘t 
on the rate of loss in weight of eggs in cold storage The dirty <'ggs 
lost more weight than the washed dirty eggs. This differ(‘ric(* is 
insignificant, however, and might have been due to the mechanical 
loss of the dirt from the eggs. 


Removal of Film from Strf\(k of Shell 

Eggs were dipped in lO-percent solutions of nitric, hydroclilorie, oi; 
sulphuric, acid for a few seconds, and th(‘ protein material thus 
loosened was rubbed off by wuishing in tap water. Ten eggs were 
treated with each acid, held at laboratory temperature with no 
humidity regulation, and weighed at various intervals. The results 
obtained are given in table 2. These results indicate that eggs lose 
W'cight more slowl}^ after the film is removed. Sin(*e the calcium• 
salts formed by the action of nitric and hydrochloric acid on the shell 
are very soluble, a plugging action due to the formation of insolubh' 
inorganic salts would hardly be expected Thus it must he eoncliah'd 
that w ashing eggs does not remove the {irotecting film from the sur¬ 
face of the shell and that if it did the eggs would nut losi* juois- 
ture faster than if it were present. 

The results presented in table 2 have becm confirmed by other- 
experiments. It seems possible that the material w Inch was removed 
from the surface of the egg might, w'hen present, act as the outer- 
end of a capillary wuck passing between the crystals of the shell to 
draw^ moisture froni the egg and to increase the evaporating surfa(‘<*. 
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Table 2. Effect of washing eggs with tO percent solutions of nitric, hydrochloric, 
and sulphuric acids on the percentage loss in weight when held at C. for 

varying pf;riods ' 

(This 1 rput iiic*nt removes h film frjjiii 1 he s^irface of 1 he egR Kaeh value is t ho average of the results obtained 

with 10 eggsl 

™ - - ______ _ ___ „ 

I’eroeiitage loss in w eight of eggs , Poreentage loss in w eight of eggs 

Time (days,) j | Washed with - Time (da.vsy ! Washed with - 

j .Vot {__ __, Not ^_ 



1 IINOj ' 

- 1 - 1 

IlCl 

HsSOt ; 


! ' i NHO^ 

1 

uri 

ll2tS()4 

3 - 

- ! 1 20 1 12 I 

1 10 , 

1 13 

14 

I 4. 74 ! 4 31 , 

4 20 

4 30 

() 

; 2 12 1 00 , 

1 HS 

1.04 1 

, 21 _. . 

0 73 () 20 : 

0 IS 

0 2fi 

11 

_ ' 3 72 3 35 , 

3 35 . 

3 44 

1 32 

-I 0 05 1 0 02 j 

S. 0.5 

8. 02 


VbSK OK THE SAM) BLAST 

For sonio yoars the sand blast has been utilized for cleaning eggs. 
This method does not involve the wetting of the shell. In some of 
the exfieriinents described above, eggs w^ere cleaned with saiidjiaper 
in an attempt to simulate cleaning with a sand l)last. Contraiy to 
(expectation, the sandpa])ered eggs <lid not differ greatly in rate of loss 
of wat<er from those that were not sandpajicnnl. This result was 
obtained in spite of the fact that the sandpapering increased the 
number of pores, as determined by the w ater-vacuum method. 

Some information as to the effect of the commenial sand blast 
on the number of poivs and the loss in WTUght of eggs was obtained. 
Two dozen eggs which had been through the sand blast and 2 dozen 
similar eggs w hich had not been sand-blasted w ere kept in tlie labo- 
Vatory at 20° to 2.“)° with no humidity regulation, for 4 weeks. 
The (‘ggs were weighed individually at weekly intervals. The experi¬ 
ment was carried out m the winter, when the humidity of the labo¬ 
ratory w as rath(»r low . At the ('n<l of 4 weeks the number of pores, 
as indicatial by the appearance of a (‘ontinuous stream of bubbles 
wlnm the i^ggs were immer.sed in water and a su<*tion pump applied, 
^was detfM'inined. The av('rage number of ])ores on the ('ggs which 
wen' not sand-blasted was IS, while the avtuage number on the sand¬ 
blasted i'ggs was Most of the pores on the sand-blasted eggs 

wen* small, however, if the rate of escape of air may be take'ii as an 
indication of size. Table 3 sliows the average loss in weight of the 
two lots of ('ggs. • 

Tvbi.e 3. Eeirentage loss in weight of sand-blast-tirated eggs as compared with 
untreated eggs when held at (\ for from t to 4 weeks 

Pi‘rf('iUrtuv in 
'weiirhl of Iiicrea.so m 

Turn* '_ _ loss in 

weijzht due 

Not .sainlinl Samieti losamlnm 

1 ..i 2 yo i a .'ll ' 22.05 

2 ' • . „ . 5 > t) 03 20 12 

3 , _ . . S 14 i 0 Ot) IS. 7 

4 • ' ‘ n 23 ' 13 IS ' 17.4 


The sand-blasted eg^s lost weight faster than the eggs that were 
not sand-blasted, but the average inerease in the loss in weight was 
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only about 20 percent, whereas the increase in the number of i)ores 
was over 200 perc'ont. Evidently some other property exerted a 
strong influence on the loss in w^eight. 

This experiment was repeated 2 years later, with essentially the 
same resiilts. Eggs collected from a single pen of hens were divided 
into three lots of 2 dozen each, and held for 45 days after treatment at 
a temperature of 25° to 80° V. and a relative humidity of 75 ])ercent. 
In this experiment the sanded eggs were put through the sanding 
machine twice. The losses in weight were as follows: Control, no 
treatment, 9.4 percent; dirty and sande<l, 18.1 percent; clean and 
sanded, 18.0 percent. 

NUMBER OF PORES AND STRENOTH OF SHELL 

As it was believed that the number of pores in the shell might 
affect the loss in weight, the pores were counted in th(‘ eggs us(‘d 
for the data in table 1. These ])ores were determined by imimu-sing 
an egg in water, creating a vacuum, and counting tin* .sources of 
bubbles that came from the egg. The average number of pores for 
each lot in the various experiments is given in table 4. 


Table 4.— Average number of poren in shells of eggs listed in table 1 that irne 
cleafied by various methods and cleansing agents 

|l>eD»rinirn*<i evaciwtinK t'ups under water) 


Cleansins a^eut and 
treatment 


I (MeaiiepiiH 
w ashe<J and hel<I 



’ 27 (lav.s. I 
! m car* |30du>i. 
I, tons ' 

I 1 


' K#?ps washed and held ; K^ps washed and held a( rnoju 
at .Vi” (’ for .todays j temperature. 2h' 2.V'(’ 


1 


;ih da> s 


1 ‘N’aturall.v \ 27 da>s 


I 


j ,d.rty.w; 


UaO. 

lo 

13 



H2S04 N/U). 

8 

8 


1 H 

NaOUN/10. 

13 

22 


1 21 

Water plass__ 

f. 

1.3 


i 8 

Water, oiled. 

5 

h 

a 

., 3 

Oiled..-. 

4 

3 


7 6 

Soap.. 

7 

<1 

. 

18 1 11 

Wyandotte powder _ . 

e 

8 

. 

i s 

Sapolio. 

y 

17 


; 14 1 

Hypochlorite-- 1 

... . 


1 

1 - - 1 

22 ., - 1 

Sandpaper.. .. 


^ - ... I 

I 4n 1 

2S 1 ' i 

Hypochlorite, oiled. 


. ■ - ! 

: . i 

s 1 ... • i 

Sandpajper, oiJed.. 

Soap, ofled_ . 



1 t 

' --- - ' -! 

lO!.... : 

!. . ; 

Dirty, unwa‘5hed. 

- -- 1 


. 

13! - ! 

(’lean, unwashed. __ 

1 

7 1 

1 

i ’"I 


II > 
11 ! 

4 !- 

f"' i 


11 

10 



17 

{J 

li 

») 

10 

10 


Although the results are not wholly consistent, a few points are 
indicated. The eggs cleaned with sandpaper had more pores than 
any of those cleahcd by other means. In the lots cleaned with s\d- 
phuric acid the number of pores was about the same in each experi¬ 
ment, whereas in the other lots the number of pores varied widely in 
the different experiments. In these experiments the temperature at 
which the eggs were held had no effect on the number of pores. 

To determine whether the various treatments had any effect upon 
the strength of the shell the apparatus described by Romanoff (23) 
was used. The smallest weight required to crack the shell .of each 
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WHS deterniinod. Tlie a venire of tlio woi^hts riocessary to break 
the shells in each lot of the various experiments is ^iveri in table 5. 

Tablk T ).—Average weight neeenmnj to break shell of eggs listed in table 1 that were 
cleaned by various methods and cleansing agents and held for SO days 


{Breaking strength in kilogniins] 



I K^ps V, ashed and held at a.'i'' r i 

washed and held at room 
toinijerature. 20°-25^ (' 

(’leiiTiMmf ftpfiit arnl tmilmcnt 

I_ 


1 




i (’lean 

F'’xtrenielj 

X fit lira 11 y ; 

('le.in 

Fxtreniely , 

Naturally 



chrt> 

<liriied 1 

thrt\ 

1 

dirtied 

Iho 

o 1 


- 

.') 

.{ 7 ‘ 


UjS()4 

i .'i 4 



4 7 

1 2 1 


NaOllN/lO . 

.5 1 



r.. 1 

4 2 


Wat IT jrlass 

4 1 



4 7 

4 t) ! 


V\ aT<‘r, nilod 

' 4.7 

1 7 


.) \ 

4.7 , 


(Mlfd. 

i - 


LO , 

1 0 

. 1 

4 i 

Soap 

r, 0 


4 1 1 

4 

1 1 ' 

4 0 

Wyandotte r)ow(br 

4 4 



5.:4 

4 A 1 


Sapolio. 

! 4.7 



4 

4 4 1 

_ 

11 .VJMX'lllontO 

1 


4 (• ' 

_ 

4 1 

3 0 

Sandpaper 


’4 4 

4 1, 


4 0 , 

4 2 

Hypn( hi(»nte. oiled 



i ^ ’ 



4 H 

SundimjMT. 



3 7 



3 7 

.'^oiip, oiled . - , 



{ 7 



4 1 

, unwashed . 



.1 7 


4 

3 0 

r’lenn, unviushcMl 

t 2 

* 1 


4 1 . 

.4 () 



The results there shown indicate that washiniz; had no effect upon 
the strength of the vshells. 


iNunioiML is Loss f)F WhOUiT 

In each lot studied there was always a variation in the amount of 
water lost by the individual e^^s. Several factors which might 
account for this variation were studied. Since it was impr^icticahle 
to divide the eggs in each lot in such a way that the average weights 
would be exactly the same, a study was made to determine wdietlier 
the size affected the absolute loss in weight of the egg. The size 
of the egg, fresh w^eight, was correlated with the loss in weight after 
'"The egg had l)een held for 30 days at 35® C. The correlation coefFi- 
<‘ienl was ().0S2±0.007. Dunn (ff) says, “There is probably a 
small or loose association between weight and absolute loss of w eight.” 
In the ])resent experiment the association was .so small that it is un- 
lik(dy that egg siz^' had any appreciable effect upon the losses of the 
various lots. 

To determine the effect of the pores upon the loss in weight, corre¬ 
lations w ere made with two grotips of eggs. The eggs were stored for 
27 and for 30 days at 35® C. In the first group, all of the eggs used 
in the first experiment (of table 1) except those that were oil-dipped 
were considered. The correlation coeflicient for the 90 eggs was 
± 0.450 ±0.057. The second group was made up of 00 unwashed, 
clean eggs. The correlation coeflicient was ±0.401 ±0,080. Both 
(»f these are significant. It must be taken into consideration that the 
size of the-pore probably influenced the results, and that there were 
doubtless many mixiute pores that could not be determined by the 
method used in this ex^periment. 

• Since there w^as some question as to whether the number of pores 
affected the strength of the shell, correlations were made upqn 60 
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clean, unwashed eggs that had been held at 35^ C. for 30 days and 
tested for porosity and shell strength. The correlation coelliciont 
between shell strength and number of pores was +0.258 ±0.033. 
Although the correlation is small, it is significant and positive. 

An examination of the shell by candling after they had been held 
for a few days at 75 i)ercent humidity, revealed the presence of a large 
number of spots. It was thought that the number of spots might be 
indicative of the condition of the eggs, since they were not apparent 
when the eggs were first laid. The spots were counted on a shell area 
of a square centimeter at about midway between the two extremes 
of the egg. It was found that temperature and washing bore no rela¬ 
tionship to these spots. In some instances there were more spots on 
the eggs that were held at 35° C. than on those held at room tem¬ 
perature. 1 n other instances the rev'erse w^as true, and it w as concluded 
that the treatment of the eggs did not affect the number of spots 
present. The nimiber of pores was correlated with these spots. The 
eorrelition coeflicient was ± 0.172 ±0.098. 

FAC TORS AFFECTING BAC TERIAL COUNT IN FXiGS . 

CIermu'IDal A(’tio\ of Kcjg White 

Sharj) and Whitaker found that egg white corresponding in pH 
to the white of fresh eggs (7.6 to 8.7) was not germicddal, while c^gg 
white corresponding in pH to the white of aged eggs (9.5) w as germi¬ 
cidal. .Ml of their tests on the germicidal action of egg while were 
made at 37° C\, and the experiment was concluded at the (md of (i 
hours. In the experiments reported here the germicidal action of 
egg white was stuciied at several temperatures and up to S days time. 

A scries of test tubes was arranged, containing ecjual volumes of 
well-mixed (‘gg whites suflicient to (ill the tubes to about one half (d‘ 
their capacity. The pH of the whites of one half of the tub(*s was 
adjustecl to 7,48, and that of the other half to 9.5t). One cid)i(‘ centi¬ 
meter of a broth culture of Pf^endotnotta^ pj/oojanen was addeni to each 
tube. The tubers were closed with rubber stop])(»rs in order to prev eiit 
the entrance or escape (»f carbon dio.xide, which would have earned a 
change in the hydroxyl-i(gi concentration. Tube's (T)ntaining egg 
white of each of the pH values were placed at temperatures of 0°, 7°, 
16°, 20°, 35°, and 40° (\ At various intervals a tube of each was 
removed, the bacteria plated, and the pH values determined. The 
results are shown in table 6. , 

From table 6 it appeal’s that when the pH value is high, germicic'cl 
action takes place at all temperatures, but most rapidly at the higher 
temperatures. When, owing to the production of acid by the bac¬ 
teria, the pH is lowered, the germicidal action becomes less and the 
organisms begin to multiply. This multiplication of bacteria began 
after about 1 day at the liigher temperatures, and by the end of the 
fourth day the pH had dropped to about 6.2 at 20° and 35° (\ At 
the end of 8 days, the bacterial count of the egg white stored at 0° 
w'^as still decreasing. 

At the low pH (7.48) the organisms, after a slight period of lag, 
multiplied at all temperatures except 0°, and w^ere able to mainjfcain 
themselves at this temperature. The pH values dropped slightly, but 
they did not go low enough in 8 days to affect bacterial growth 
mateiTally. 
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Table (5. —Effect oj pH DM and 7,1^8 of egg white on growth oj pseudomonas 
pyocyanea {number per cubic centimeter) at different temperatures and at various 
intervals • 

10(K) oniitted in bacteria for pll 9.56 and 000,000 for pH 7.4«] 












: 


-1 

t. ” ] 


QO 

M 

a 

oe 

to 



Magma ofti»r - 




.2* 1 



Si ‘ 

2 * 

li 

s 

4> 

ct e r 1 
start 

3 

O . 

^ 1 

£ 1 

!■ 

S ' 

t ' 

3 , 

A 

t- 

3 

« « ' 

! 

d 

.2 « 
Si Cl 

® /) 
d 

rt 

■3 

tena t 
4 days 

after 

days 

after 

days 

as 


C 1 

•5 i 

£; 

c , 

Xi 

S ' 

o 

"y ' 
a 1 

S 1 

o 

31 

2 

1 |W ! 

u 

ce 

S 

H 

pi I fi 

1 

9(K)j 

M ! 

1 

CC ' 

■*t< 1 


v 

1 




( 


a 

0 

2. (KXI 


1,0.10 


930i 


l,2(K) 

2 «o: 

9 .57! 

10 

9 54 

7 1 9 .5-4 

0 4 

9.65 

7 

2. (XK) 


I.IHH)' 

1. 590; 

1 

010 


1.070 

610) 9 4,{, 

213 

9 .Sf. 

1)2' 9 52 

060 

9 45 

16 

2.0001 

l.KK) 

l.MO' 


1, Ilf) 


1,310 

700 

9 4.1 

1.000 

9 .54 

S.HfH)! 9 29'11S,(KK) 

9 13 

20 

2,0(K)! . 

1.010 

MHO, 


6W|i, 


270 

9i 

9 43 40. (MH) 

0 47' 

OO.IMK): 0 13, 

(«) 

6 21 

.1.*) 

2.(KHI 

940, 

710 

s:K)' 3)0 

2IK), 


K3l 89 

9 ol'3.5,(K)0, 9. 38 

75,{KH): 6.22 

(«) 

6.10 

40 j 

2, OIK) 

1.070, 

810 

420 

240 


77^ 

75 

09; 9 53 

.590 

9 47 

8, UKI’ 9.16 

- 

8.98 


pit 7 

1 

! 

j 

1 



I 






, 1 



0 

A S' . . 

4. 2- 

3 '>! 


2 0; 


2 7 

2 0, 

7 74 

2 6 

7 .59 

3 7 7 63, 

.3 8 

7 64 

7 

s 


1 5, 

3 9, 


2 1' 


2 0 

4 1, 

7 TO 

0 0 

7 0.5 

.3 7 7 09 

12 0 

7.31 

16 

H H 


.1 9| 

3 M 

' 

1 i; 


4 .5 

5 7' 

7 09 

17 0, 7 04 

121 0 S .50, 

4tH) 

1 0.96 

20 

.i s 


4 H 

3 7: 


6 9 


K 0 

35 o; 

7 70 

134 0 

7 14 

.510 O! 0 41 

670 

1 6.14 

:ir) 

s 

,v 

5 7 

5 3! 

6 6 

.S 1, 

'sh 

7 7 

MO O' 

7 4.5 

760 O' 6 49 

200 0 0 (Kj; 

<400 

. '-7.86 

40 

S h 

•1 .V 

(1 2' 

a S| 

4 7 

7 7' 

li .5; 

10 0 

.51 0 

7 0». 

310 II 

ft 59 

3011 0 .5 91, 

97 0 

5 67 

" C(»untk*‘s 
















^ Siopp^i lud l))o\^ n out 

.Mi/rnoi) r)F 

A study vvtis iiuide of the number of eg^s tluit contained bacteria 
in each lot of tlie various ex])orinients recorded in table t. For this 
study, samples of tlie wliites and of the yolks were plated on 0.5-per- 
eent j^lueose apir and the i)lates incubated 48 hours at 35° C. Since 
it was necessary to save the ^\hites and yolks for other determinations, 
the bacteriological sain])ling technic was not ideal. And epg was not 
listed as infected unless the plate count was over 100 colonies per 
cubic centimeter. The percentaj^e of e^2:s that contained bacteria in 
tile whites and in the yolks are shown in table 7. 

It is apparent that only a small percentage of the e^gs that were 
clean before washinjr contained bacteria, regardless of the inctliod 
used in washing them. Nearly all of the extremely dirty eggs con- 
hiined bacteria in both whites and yolks, except the lot that was 
cleaned with sandpaper, in wdiicdi some of the eggs were free from 
micro-organisms. In nearly every lot of naturally dirtied eggs some 
eggs contained bacteria, but the percentage of eggs having infected 
wliites was no greater in the w^ushed than in the unwashed eggs. 
The yolks were Infected in a larger percentage of cases than the 
wdiites. One hundred percent of the yolks of the untreated naturally 
dirtied eggs contained bacteria; none of the other lots sliowed as 
many. 

:iS7in -34-0 
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Tabi.k 7 .—Percentage of eggs listed in table 1 that contained bacteria in white 
or yolks after being cleaned by various methods and cleansing agents 

WHITES 


Egjis washed and held at 3r»® C, 


Cleansing agent and 
treatment 


i 27 days, i 
1 clean, in 
cartons 


30 days 


Water.. 

HaSOi N/JO.- 

NaOII N/10. 

Water glass.. 

Water, oiled. 

Oiled. 

Soap--.-. 

Wyandotte powder.. 

Sapolio.. 

Hyi>ochlorite_ 

Sandpaper. 

Hypochlorite, oiled . 
Sandpaper, oiUhI. .. 

Soap, oiled.. 

Dirty, unwashed.,. 
Clean, unwashed 


riocr. ' Extremely Naturally 


dirty 


100 

100 

100 

100 

100 


HX) I 

100 I 
100 L 
100 
50 1 


washed and held at room 
temperature, 20°-25'’ C , for 
30 days 


33 I 
0 ! 


50 
50 ; 
33 j 
17 
50 1 
40 ! 


Clean 


I 

Extremely (Naturfilly 
dirty ' dirtied 


00 

KXJ i. 
100 
100 ' 
100 


KM) 
KM) I 
KX) ' 
KM) I 
33 ! 


0 

25 


50 

20 

07 

25 

40 

07 


YOEKS 


Water., 

HiSO^ N/10. 

NaOH N/K). j 

Water glass.' 

Water, oiled... 

Oiled.-. 

Soap.-. 

Wyandotte powder. 

Sapoho.t 

Hyjiochlorite.. 1 --. 

Sandpaper...L-, 

Hypochlorite, oiled..I . 

Sandpaper, oiled.; 

Soap, oiled.....i-.. 

Dirty, unwashed.. 

Clean, unwashed.... • 


18 

8 

0 

H 

0 

0 

9 

8 

0 


0 


0 

KM) 


0 

40 ' 


0 

100 

_1 

0 

KX) 

. 

0 

100 

^_] 

K) 

KM) ' 

_ 

0 

KK) 

_1 

0 

100 . 


0 

100 


0 

UK) 


0 


no 

17 

42 

0 

. 

KM) 

no 

17 

KM) 1 

>33 

0 

100 


20 

KM) ' 


0 1 


J 

0 

1 100 ' 


1 

1 100 

75 1 


! KM) ‘ 

07 


50 

HO 1 


1 33 , 

40 



07 1 


' _ j 

07 

25 


. j 

58 i 


1 .. . ! 


i 

50 ' 



50 


KX) 1 

KX) 1 

" 6 

83 1 

KX) 

- 

i. j 

'.1 

[ * '' 

- — 


Some of the solutions used in washing the eggs were selected because 
of their germicidal activity, so that the bacteria which were in the. 
soiled material on tlie surface of the shell might be killed during the 
washing process. The hypochlorite solution was one of the most 
active germicides used. One dozen eggs that had been dipped m a 
manurial compost wore washed in a 1:100 solution of the hypochlorite. 
As soon as the washing was completed, a sample of the dirty solution 
was plated on agar. At stated intervals thereafter, samples wore 
plated for a baeterial count. The results of this test are shown in 
the following tabulation: 
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Hncterm pfr 
^ cubic aid}- 

Tune* mfOr 

At ^tart_.. .. .... _ ---- _moot) 

Half minute __ — — - - . - -- - -25, tiOO 

1 minute--... - - - --- -- 20,000 

2 minutes__ _*- - -- - . - - 10,800 

5 minutes... . - - . - -12,200 

15 minutes _ - .. . -- — 10,900 

.‘{0 minutes ___ _3,000 

1 liour__ ---- -- - - — -- 2,500 

2 iiours ... . _ - -- - 3.100 

4 hours.. . _ __ _ -- . 1, SOO 

5 liuurs__ __ __ .. - — - — - — -- , 0 


Wlten tlie wasliin^ was completed, there were only 30,000 bacteria 
per cubic centimeter present, and before the end of 8 lioiirs all of 
these were dead. It is probable that the vegetative cells were all 
destroyed by the time the washing was finishecl, and that the 30,000 
bacteria rei)i^esented only the more resistant spores. 

This experiment shows the difficulty of destroying all of the bac¬ 
teria in the water while tlie eggs are being w^ashed. 

In order to lessen the time required for the experiments the eggs 
were stored at 35*^ and at 22° to 25® C. To determine wdiether such 
t'xpcriments W’ouhl retlecl the results that would be obtained at a 
lower tempcratuic, an experiment was made in which the eggs wTre 
stored for 5‘j months at 2®. In this exiieriment naturally dirtied 
eggs were used. Four different treatments as shown in table 8 were 
studied. 

Tvuik S 7V/< ijunrih of hortcrio tn ilocvn tiatuially dirtied vqys rvrvioing each 
tnatmeut shoivu and then .stored iHOfitht^ at (\ and for 3 additional oeekti 
at 2*7^ and thin (.ramined for hacUria 

I 

1< »Jic half the t»>r}zs were e\ani»ne<l at tht* end of the 5^^ months and the remainder after the 3 addiliorml 

weeks] 


d' 9 

Treat nient 


Naturally dirlie<l ettps 

Control, no trealimMit . 
oil-dippod , -- - 

W'ashed with Sapolio_ 

W*a.shed with Sapolio and oiI-dipinMl 


" 17 epgs in the experiment. 
f 15 epRs in the experiment 

Fewer dirty eggs developed bacterial infection at the low" than at 
the two liigher temperatures. However, attention should be called 
to the fact that the eggs used in this e.xperiment were not an Hli(|UOt 
of those used to obtain the results for naturally dirtied eggs reported 
in table 7. Infection was less pronounced in the oil-dipped eggs than 
in those not oil-dipped. This finding cannot be accepted as general, 
fefwevcr, for under some conditions infection seems to develop more 
^readily in'the oil-dipped eggs. 
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EFFECT OF WASHING ON DIFFERENT EGO CHAHA('TEKS 
I)rY-M ATTEIt C'OXTKVT 

Detenninations were made of tho porcontai^o of dry matter in the 
whites and in tho yolks of the individual eg^s lijiited in table 1. The 
wdiite loses water to the air by evaporation and to the yolk by osmosis. 

The oil-dippeil eggs eontainecl less dry matter in the white and 
more dry matter in the yolk than did the eggs wdiieh wine not oil- 
dipped. This is in agreement with tlui j>reviously demonstrated effect 
of oil-dipping on th(» |)H values and the passage of wiiter from the 
white to the yolk. No effect of washing on this change in dry-matter 
content was indicateil. 

Flattening of \olk 

As an egg ages, the yolk takes up progressively more and mor(‘ 
w^ater from the white, and w^hen the egg is broken into a dish, the 
tendency of the yolk to flatten increases until in extnnne (*as('s the 
egg cannot be broken without the yolk membrane Ineaking. The 
flattened condition <*an be expressed in numerical units by dividing 
the heiglit by the width. This factor obtained from eggs on tlu' day 
they are laid is about 0.41. The application of this method has been 
described by Sharp and Powell (28), Such measurements wen‘ 
made on the yolks of the eggs of table 1, held at room temperature 

No difference in yolk (piality between the washed and unwashed 
eggs as indicated by this ratio was noted. The value for tlie oil- 
dipped eggs wiis about 0.400, w^hich is only slightly lower than tliat 
for fresh eggs. The value for the eggs receiving the otlier treatnuuits 
w^as very low^ and many yolks broke. The ilifference betweim flu* 
oil-dipped eg^s and the eggs receiving the other treatments was due 
to the retention o4’ the carbon dioxhle. * 

The Axtremoly dirty eggs were so weak or so badly dedunjiosed that 
it was fiossible to obtain measurements on a few yolks only Tlu^ 
values for naturally dirtied eggs were somewhat lower tlum those for 
clean eggs. In this case, however, there was nothing in favor of the 
unwashed eggs over the cleaneil eggs. The values wmr not affected 
by the cleaning before oiling treivtment as compared with oiling with¬ 
out cleaning. 

H VDKO<JEN'-I<lN CoN< E-NTRATroN 

A number of wmrkers {2, 3, if, /3, 27) have shown that the hydro- 
pui-ion concentration of the egg decreases as it gets older, owing to a 
loss of carbon dioxide, the prl value of the white imu’easing from 
about 7.6 to 9.5 and that of the yolk from 6.0 to 6.8, 

The pH values of the wdiites and yolks of the e{^gs referred to 
in table ] was determined. No effect of the washing treatments 
could be demonstrated. Many of the eggs which were infected witli 
bacteria showed abnormal pl*I values. The })H values of the oil- 
dipped eggs were much lower than those of the eggs that WTre not oil 
dipped. 

Appearance 

In appearance the eggs washed with Sapolio or Wyandotte po\\ (li‘r 
were very much like clean, unwashed eggs; those creaned with soa))* 
were decidedly shiny in appearance and slightly velvety to the tou^. 
.The eggs cleaned with acid or alkali had a mottled appearance; tluisl^ 
dipped in oil were shiny. 
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Jntonially, the oil-dipped e^^s were far superior to the others, and 
those that were washed before they were dipped wer^' th<‘ ecpial of 
those that Mad not been washed before they were dipped. The mere 
wasliin^ of the e^jjs di<l not seem to eause them to break down at a 
more ra])id rate. 

• DISCUSSION 

This investigation indicates that with the solutions used, the wash¬ 
ing of e^^s caused no increase in rate of loss of weiji;ht as compared 
with that of unwashed ejx^s. It <loes show that the use of abrasive 
materials, su(‘h as sandi)aper and sand, may cause a slij^ht in(*rease in 
tlie rate of eva])oration. 

Th(‘ experinients here recorded sliow an approximately linear 
relationship between time and the evaporation of water from e^gs at 
(‘onstant humidity. The loss in weight, so far as the writers have 
followed it did not yi(dd a parabolic curve such as was obtained by 
(Jreenlee (tO). It is obvious, however, that if enough water is per¬ 
mitted to eyai)orate from the eggs, the rate of loss in weight must 
ev(‘ntually decrease Under conditions of commercial storage the 
parabolic* form of the' loss-in-weight curve might be obtained, for 
during the early pcu’iod of storage, the tillers and cases absorb moisture 
from lhc‘ eggs, whereas toward the end of the storage period the fillers 
and cases are more nearly in ecpiilibrium with the humidity of the 
atmos])h<u'c‘, and c*ons('c|U(mtly the loss in weight of the eggs is not so 
ra])id. 

The more recent investigations of Almquist and Holtz (4) have 
ci-eated some unccu’taiiity as to the best method for determining 
porosity. The method recommended by them (*onsists in immersing 
eggs in an alcoholic solution of methylene* blue for 2 minutes, then 
ivmoving the eggs and opening them. The porosity is indicated by 
the number of blue spots on the inside of the shell, and is expressed 
ill terms of a set of standard shells showing varying degrees of stain¬ 
ing. Alnuiuist and Holtz found that loss in weight increased with 
porosity, as determined by their method, but they did not give the 
correlation coefficients. They state that the eggs were held at con- 
Mant humidity, but th(\v do not state what humidity was used. 
From the great loss in weight reported, they must have used a veiy 
low hunidity, which may ac'count for their results. 

Almquist and Holtz have criticized the method used in the present 
experiments for determining pores, intimating that the changes in 
[)r(*ssure would open the pores. This criticism is hardly justified by 
the facts. The number of pores was repeatedly determined on a 
series of eggs at weekly intervals for 6 weeks by the water-immersion 
vaccum method. While it is true that the number of pores increased 
or decreased slightly with some eggs, this change in number was 
usually within the possible error of counting, and, on the whole, the 
change* in number was not nearly so great as the increase in porosity 
which Almquist and Holtz report as having occurred without any 
vacuum or pressure treatment at all. 

TJiis great increase in porosity with time, as determined by the 
Almquist and Holtz method, is rather puzzling, for if this increase in 
.porosity is significant the c§:gs should lose weight at an increasing rate 
w^Ji time of holding. This does no appear to be the case. Minor 
wtors, such as increawse in osmotic pressure and air cell, could,not 
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counterbalance the effect, since the increase in porosity is often 
many times that of the freshly laid egg. 

While the water-immersion vaccuin method for deterrfiining pores 
leaves much to he desired, yet within fairly narrow limits, the method 
yields the same results whether the porosity is determined soon 
after the eggs are laid or after they have been' stored. This agrees 
more nearly with the fairly constant loss in weight of the eggs under 
constant conditions. The pores which are shown on normal eggs are 
true channels through tlie shell as can be readily seen by examining 
them under a relatively low-power microscope. The significance of 
the water-immersion vacuum method may also be questioned because 
sanded eggs show a great increase in porosity and the increased rate 
of loss in weight is not in proportion. 

Attention should be called to the importance of the alcohol in tlie 
Almquist and Holtz method. If water is used as a solvent, much the 
same porosity is indicated as is obtained with the water-immersion 
vacuum method; if alcohol is used as a solvent, the indicated porosity 
is much greater. A preliminary treatment of the eggs with alcohol does 
not increase the porosity as determined by the watdr-immersion 
method, however. 

Stewart,^ working in this laboratory, obtained about the saiiu‘ 
correlation between loss in weight and shell thickness as the writer^ 
obtained between porosity and loss in weight. 

A relation between the number of pores and the strength of the 
shell, as indicated by the correlation coefficient I 0.258 t ().(K13, was 
found. This indicates that up to a certain point the stronger the 
shell, the greater the number of pores. If, however, the shell is too 
porous the strength is lessened. 

More extensive experiments have been in progress for some time 
in an efort to gain information on the factors involved in the loss* in 
weight. While the evidence still points to the importance' of the 
pores as one factor under some conditions the relation between the 
number of pores and the loss in weight is not as definite as w as found 
in these experiments. 

It seems reasonable to assume that bacteria and molds enter tl^e 
egg bv way of the large pores.» Pennington^ has showui that mold 
grow^th on the inside of an egg begins at the large pores. Since the 
large pores are relatively few’ in number, an egg might be soiled 
without the material actually covering a j)ore. Such eggs might 
escape infection. If the dirt happened to cover a portion of the shell 
containing a pore, the chance of infection would probably be greater. 
It has been assumed that the washing operation would spread the 
infected material over the surface of the eggs and increase the (diance.s 
of some of it entering the pores. Jenkins, Hepburn, Swan, and 
Sherwood (14) have shown that washing dirty eggs increased the 
number that showed bacterial infection during storage. The data 
herein presented are too meager to warrant a definite conclusion on 
this point. 

Rettger (21), Hadley and Caldwell (12)^ and othem have demon¬ 
strated that very few clean newly laid eggs contain bacteria. The 
writers' observations confirmed tliis finding; very few such- eggs 
showed infection even after being held at 35° C. for 30 days. On the' 

8HK1.L CHARACTERISTICS AMP WEIGHT tOSSES OF HEN's EGO.S. 1933. (Cnpublisllk,' 

* PEEihnoton, M, K. Private communication. V 
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other hand, that liad been heavily coated with manure and 
allowed to dry overnip:ht contained bacteria after storage, regardless 
of the mea'hs of washing employed. A large number of the eggs that 
had been taken from the nest as dirties were found to contain 
bacteria aftc^r 30 days of storage. The washing of dirty eggs did not 
seem to im^rease greatly the number which were found to contain 
bacteria at the end of the storage period. 

The humidity of the air in which the eggs are kept is a very impor¬ 
tant factor in determining whether dirty or washed dirty eggs will 
show the greatest s])oilage. 

These (^\periments indicate that- washing miturally clean eggs with 
clean water and germicidal solutions has little or no effect upon the 
keeping (juality of the eggs. This conclusion appears to be in oppo¬ 
sition to the current belief that washing in itself causes eggs to 
deteriorate. Washed dirty eggs, however, do not keep so well as 
naturally clean eggs. The main reason for the deterioration of washed 
eggs commercially rests in the fact that the eggs were dirty before 
they were washed, and consequently the chance of bacterial infection 
was greatly increased. The number of washed or cleaned eggs which 
will show b^icterial spoilage wdll depend upon the condition of the 
eggs before they were washed or cleaned and upon their treatment. 

wSome incidental observations on the effect of cleaning dirty eggs 
by abrasion indicate tliat this method does not insure against bac¬ 
terial infection. 

SUMMARY AND CONCLUSIONS 

Kggs washed wdth a number of different solutions did not lose 
weight during storage at high temperatures mon‘ rapidly than 
unveashed eggs. 

• ()il-dipj)ed eggs showed a smaller loss in w^eight during storage than 
eggs that were not oil-dipped. 

The loss in weight was at a uniform rate for the length of the 
experimental period, 30 days. 

A significant, ])ositive correlation ( + 0.450 ?-0.057) between the 
number of [)or(»s in the eggshell and the loss in weight of the eggw^as 
’found. 

A small pt)sitive correlation ( r 0.258±0.033) between the number 
of j)ores and the breaking strength of the shell was found. 

Attention is called to the possibility that infection from bacteria 
may take place through the relatively few' large pores of the shell. 

The germicidal action of egg white having a high pll value is 
evidenced at temperatures from 0® to 40° C. 

From the results here reported it is concluded that there is no 
foundation for the common belief that washing in itself causes eggs 
to deteriorate, if they are properly handled after washing. The 
deterioration of washed eggs is caused by bacterial infection of the 
egg from the dirt that was on the shell. The only effective remedy 
is to prevent tlie eggs from becoming dirty. 
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A MORPHOLOGICAL STUDY OF BLIND AND FLOWERING * 
ROSE SHOOTS, WITH SPECIAL REFERENCE TO FLOWER- 
BUD DIFFERENTIATION^ 

, By D. 8. Hubbell ^ 

Assistant, horticulturist^ Arkansas Agricultural Experiment Siatio7L 
INTRODUCTION 

The formation of nonflowerinj? shoots on forced rose plants repre- 
sc'iits a ji:reat economic loss to rose growers, for in certain varieties 
this llowerless growth may bring about a 50-percent reduction of each 
year’s potential rose crop.^ 

It is well known that under greenhouse conditions the flowering 
rose sho<^)t reaches maturity in approximately 45 days, whereas the 
blind shoot ceases growth after about 30 days and produces a new 
shoot from the last axillary bud. In the majority of cases this new 
shoot continues with blind growth for 30 days, at the end of which 
time it j)ioduces a new shoot in tlie same manner as its parent. The 
process of llower differentiation in the rose has not yet been established, 
nor has the author been able to find any report of an anatomical or 
morphological study of blind and normal rose wood. This paper 
rc'ports the results of studies made on blind and flowering rose shoots 
of th(» variety BriarelilT. 

REVIEW OF LITERATURE 

The first imj)ortant work concerning the causes of blindness in roses 
was done by Ck)rbett.^ He attributed the production of blind wood to 
inheritance. The relation of blind-wood production to length of day 
•is being studied by Grove.^ In a recent report by the present writer,^ 
the following results were presented: 

\ corrrlatiou hotwf(‘n the physiological behavior and chemical ditfereiices of 
blnid anti flowering ro.s(‘ shoots indicates that blindness in the rose is a ])hysio- 
logical rather than a genetic or pathological condition. 

A combination of pruning and budding experiments indicates that blindness is 
a result of the stock and is not due to impotency of the t)uds. This point is 
emphasized by the differences in the chemical composition of blind and flowering 
wood. 

(Irowth and differentiation were definitely affected by the monthly hours of 
illumination and the available nitrate supply. A decrease in iliumination 
decreastnl both flowiT and blind-shoot i)roduction, while the normal increase in 
illumination in the spring months increased flower production more rapidly than 
blind-shoot production. 

With an increase in soil nitrates blind-shoot formation decreased and flower 
production increased; with a decrease in soil nitrates blind-shoot formation 
increased and flower i)roduction decreased. 

The chemical analyses indicate that blindness is associated with high percent¬ 
ages of noncolloidal nitrogen and insoluble carbohydrates, whereas the flowering 
shoots contain high percentages of reducing sugars, 
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Since this work indicated that flower-b\id foi’ination is influenced 
by various cultural practices, a successful interpre^tation of these 
influences would depend upon a definite understanding of’the time 
and extent of flower-bud difTerentiation. In order to obtain such an 
understanding it would be necess ary to make a complete anatomical 
analysis of the two ty])es of shoots. The pury)ose of the study here 
reported was to establish through nu r|)hological methods whetlnu' 
blindness in roses is a genetic or a physiological condition. Wtien 
this point has been establisned the foundation for the control of 
blindness in roses will hav'e been laid. 

MATERIALS AND METHODS 

Beginning December 1, 1932, 10 t>uds from flowering rose sh(50ts 
and 10 buds from blind rose shoots were tagged each day until Jan¬ 
uary 4, 1933. Each day the mature stems of blind and flewcuing 
stems were selected. The stems were cut ba(‘k to the buds occupying 
the fourth axillary position and these buds were collected aiid studied 
after they had attained the desired age. The collection consisted of 
350 buds and shoots from apparently blind wood and 350 normal buds 
and snoots. The buds and shoots collected ranged in age from 1 to 
35 days. 

Immediately after collection the buds and shoots werc^ kilhal in 
formalin acetic alcohol. The material was then fixed, cleared, em¬ 
bedded, and sectioned according to the standard method as outlined 
by (^hamberlain.^^ The slides were stained with safranim^ and light 
green. 

RESULTS 

DIFFERENTIATION AND DEVELOPMENT OF FLOWEKINO SHOOTS 

Some differences were noted in the rate of shoot development among* 
buds and shoots of the same age. In general, howevcu*, the majority 
of the buds developed at the same rate for the entire 35 days. Of the 
shoots and buds gathered, 3.8 percent devudoped blind wood, 2.S 
percent failed to develop it, and 93.4 percent developed normally. 

Figure 1 and plate 1 show thehlevelopment of a normal flowering 
rose shoot from the purely vegetative bud to the complete formation 
of the floral parts. The fiist evidence of differentiation was found 
8 days after the axillary bud had been made to assume the terminal 
position by the removai of the terminal bud (fig. 1, D), At this time 
a broadening and thickening of the floral axis was noted. Tlie ninth 
day gave evidence of sepal protuherances pushing up from the sides 
of the bud (fig. 1, K). The first stages of petal primordia were ob¬ 
served after the lapse of 12 days (fig. 1, G). On December 30, when 
the bud was 20 days of age pistil primordia appeared small protu¬ 
berances on the bottom of tne recepticale cup (fig. 1, J). At this stage 
the stamen primordia were also visible, although they were not clearly 
differentiated into anthers and filaments until the twenty-second day 
(fig. 1, K), By December 25 the stamens and pistils were so well 
differentiated that their component parts could be readily identified, 
and the petals had so far developed as to enclose the staiiiens ai^ 
pistils (fig. 1, L). ' 


« CllAfMBKKlAlN, 0. i METHODS IN M,A\T HISTOI OCY. 3(1 . wl., 314 pp,, lHUR. ClllCHgO. IWlfi. 
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r)EVELOPMP:NT OF BLIND SHOOTS 

The development of the buds taken from blind stems was very 
irre^nhir, as is shown in plate 2. Of the shoots and buds gathered, o' 
percent formed llowers, 10 percent failed to develop beyond the 
axillary stages and*8o percent formed blind shoots. The grow th rate 
of the actively p’owin^^ blind shoots was so lacking in uniformity that 




FK.niE 1 - Outline <ir}iv\m<?s of lonj;Uu<lianl sectum.s throuKh flowonnif rose buds, shtnvinK the 
states of development fioiri 1 to 25 days. .1,1 day, H. 3 days, C, 5 da>s. />, 8 days, f;, 9 da>s. /*’, 10 days, 
(f, 12 days, II, 14 days, /. is days, J. 20 days. K, 22 tlays, L, 2.’! dajs X 50 


no definite dates of differentiation could be determined. Figure 2 
shows seevtions of buds and shoots w^hich displayed the greatest rate 
of maturity in each day’s collection. 

Figure 2, (7, show's the characteristic flattening of the main axis 
w'hicn w'as the first indication of flower differentiation noted in the 
flowering shoots. This initial development took place 2 days later in 
the blind shoots than in the flowering shoots. At the end of the twenty- 
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fourth day (fig. 2, E) the sepal primordia were very prominent, and 
definite petal primordia appeared from 2 to 6 days later, as is shown 
in figure 2, F and 0. The formation of petals and sepals, together with 
a broadening of the receptacle cup, continued until the shoot was 34 
days of age. At that time, without any evidence jof pistil or stamen 



Fiai’KK 2, OutUue drawin^^.s of longitudinal sections through blind roa«buds» showing the average stages 
of development from I to 35 days. .1, 1 day, /J, 5 da>8; (', 10 days, 1), 15 days; K, 24 days, F, 25 days 
G, 30 days; II, 32 days; I, 31 days; J, 35 days. X 50, 


primordia, the bud showed clear signs of abortion (fig. 2, /), The con¬ 
dition of the blind shoot after complete abortion of the immature bud 
is shown in f^re 2, J. The development of the new shoot, which 
normally begins growth from the last axillary bud, was in evidence 
at the end of 32 days, and at the end of 35 days the new shoot had 
assumed active growth (fig. 2, I and J). 
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SUMMARY AND CONCLUSIONS 

A stiidy-wns made of the growth and development of blind and 
flowering rose shoots with special reference to the date of flower-bud 
differentiation and the morphological differences between blind and 
flowering shoots. was found that the approximate date of flow€*r 
bud differentiation on flowering shoots was from 8 to 10 days after 
a(d;ive growth had started. The complete formation of the flower 
with allparts completely difTenmtiated was first noted at the end of 
the twenty-fifth day. Blind shoots were formed when the floral axis 
failed to develop a complete set of floral organs. Flower-bud differen¬ 
tiation started about 2 days later in the blind shoots than in the 
flowering shoots. The sepals and petals formed in the blind shoots, 
but no stamen or pistil primordia appeared. At the end of 30 days the 
undeveloped flower showed signs of abortion and 5 days later it had 
(‘ompletely aborted. Signs of abortion were noted in a few eases at 
the end of 28 days. 

vSince tlu\ writcu’ ^ has shown that blindness may be controlled by 
altering nutritional factors, and since aliortion is associated with 
nutrition, it is evident that blindness is purelya physiological condi¬ 
tion, in which an abortive^ bud is formed as a result of an improper 
balan(*e of nutritional factors. 

'HtHfUii.D S See footnote 
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ZENILLIA LIBATRIX PANZER, A TACHINID PARASITE OP 
THE GYPSY MOTH AND THE BROWN-TAIL MOTH '•“ 

By Philip B. Dowden ^ 

Asftinlaut enlomologint^ DiviHwn of Forest InsecAs, Bureau of Entomology^ Vnited 
States Department of Agriculture 

INTRODUCTION 

Early Eiiroiie-an roarinjj^s of the gypsy moth (Porthetria dispar L.) 
and the brown-tail moth {iXygmia phaeorrhoea Don.) for the purpose 
of obtaining: natural enemies of these pests for liberation in the 
United States sliowed that ZeniUia lihairix Panzer w^as a parasite of 
minor importance on both these insects. Later it was also reared in 
small numbers from the satin moth {StiJimotia mllcis L.). In 1928 
a fairly large* number of Z. libatrix w'(‘re recov(‘red from P. dispar 
reared at Vecs, Hungary, and study on the biology of the species was 
begun at the sublaboratory of the Bureau of Entomology, United 
States Department of Agriculture, in Budapest, This paper gives 
the ]’esults of the study and briefly diseus.ses tl)e attempts that have 
been made to establish the parasite in New^ England and the proba¬ 
bility of its establishment. 

RFATKW OF LITERATURE 

Hef(U*(*nces to ZrnllHa libatrix are fairly common. In 1908 Town¬ 
send {17)* brielly noted its habit of leaf ovi])osition and the fact that 
it Is double-brooded. Pantel (D, pp. 4b*, 4^) in 1910 placed it (under 
the genus Mi/fexorista) in his group 11 of leaf-ovipositing tachinids 
and figured the egg and an ovariole. Howard and Fiske (8, pp. 00-91) 
in 1911 ami Burgess and Urossman (/>, p. lid) in 1929 recorded it as 
a j)arasite of both tin* gypsy moth and tlie brown-tail moth and noted 
the number of Hies Ulau'ated in the United vStates. In 1920 Baer 
(/, p. Idi^) ga\e a list of lepidopterous hosts attacked by Z. libatrix. 
Eidmann (7) in 1920 mentioned the fact that it is veiy polyphagous 
and its mode of gaining entran<*e into the host. Finally, in 1931, 
Brown (4) recorded it as a parasite of the satin moth and briefly 
indicat'd its life cycle. 

DISTRIBUTION AND HOST RELATIONSHIPS 

ZeniUia llbairix is common throughout Europe. Hearings of 
gypsy and brow n-tail moth material in Vonnection w ith the wnrk of 
the United States Bureau of Entomology show" recoveries from 

< Heoeived for publication Oct. 2,1933, issued March, 1934. 
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Spain, France, Germany, Austria, Czechoslovakia, Hungaiy, Italy, 
Jugoslavia, and Russia, Wainwiight {18) records it fro-rn England, 
and Lundbeck (9) from Denmark, Sweden, and Finland. Howard 
and Fiske (S,jp. SO;?), Baer (f, p. 153), and Brown (4) state that the 
species is principally a southern form, but the largest collections 
made of it in gypsy-moth work were in Hungary, while in rather 
extensive rearings in Spain, Portugal, and Morocco only a single 
specimen (from Spain) was reared, 

ZenUlia libatrix is very polyphagous. A list of hosts recorded in 
European literature follows. Those starred (*) are species from 
which, during this study, the parasite has also been reared from 
field-collected material. 

LEPIDOPTEROUS HOSTS OF ZENILLIA LIBATRIX RECORDED IN EUROPEAN LITERA^ 
TURE AND REARED PROM FIELD-COLLECTED MATERIAL IN HUN(?ARY 

Ahrosiola aaclepiadis Schiff. (I, 3, 8, 9) ^Oxyceata geographica Fah.‘‘ 

Acronicta auricoma Fab. {9) Phbjctaenodcs veriicalia L. (/, 9) 

Brephoa nothum Hbn. (1, 3, 8, 9) Porikeaia similia Fuoss.' (I, 9) 

Bupalus piniarius L. (/, 7, ,9) Pygaera anachorcta F. (7, 9) 

Daaychira pudihunda L. {1,8, 8, 9) *Pygaera pigra Hiifn. (U 8, 8, 9) 
Drepana cultraria Fab. (18) Sakhria marmorata Alph. {18} 

*Euproctta chryaorrhoea L. ( Sygmm *Slilpnotia aalicia h. {Ji) 
phaeorrhoea Don.) (7, 9) J8ylepta ruralia Sc. (7, 9) 

Larentia aviumnalia Btrom. {Ij 3, 8f 9) Thaumetopoea processionm L. (/, 8, 

Liparia monacha L. (2) 8, 9) 

Loxoaiege aticticalis L. (10) Yponomeuia cognatella Hbu. {9) 

*Lymaniria ( — Porthetria) dispar L. Yponomeuia evonymella L. (7, 8, 8, 9) 
(1, S, 8,9) Yponomeuia padella L. (1, 3, 8, 9) 

Malacoaoma neuatria L, (7, 3, 8, 9) Yponomeuia rorella Hbn. (/, 9) 

Although Pygaera figra was the only field-colleoted host in wliioli 
Zenillia Tibairix overwintered, the species also passed the winter 
successfully in Oxycesta geographica, Calocaeia coryli L., and Acroiiycta 
rumieis L. attacked at the Budapest laboratory. 

In the United States at the Melrose Highlands (Mass.) labors to ly, 
D. W. Farquhar and R. M. Seeley, Tinder the. direction of R. T. 
Webber, successfully used the silkwonn (Bombyx rnori L.) to rear a 
summer generation of the flies, ,and they had a large number of native 
lepidopterous larvae, representing 23 species, attacked by ZemUia 
libatrix in an attempt to determine whether there was a suitable alter¬ 
nate host for the species in New England. They found that the 
parasite was capable of completing a summer generation in at least 
two species, Euchaetim egle Drury and Melalopha inclusa Hbn., and 
the writer, on returning to Melrose Highlands, successfully brought 
it through the winter on M. indvm. 

ECONOMIC IMPORTANCE 

From 1906 to 1910 only 177 adults of Zenillia libatrix were liberated 
in New England. They were obtained from brown-tail-moth cater¬ 
pillars collected in Europe. In 1923 the Bureau of Entomology re¬ 
sumed the importation of enemies of the gypsy moth and the brown- 
tail moth from Europe, but sinc^ that time no heavy infestations of 
Nygmia phaeorrhoea have been investigated there and collections of 
these two species have been confined almost entirely to Porthstna 
dispar. Reco veries of Z. libatrix were negligible until 1927, when 4^^ 

* Ndt rioorded in Uteriiture but reared during this study. 



Jan. jr), 1934 Tavhimd Parasite of dypsy Moth 'and Broym-Tfill Moth 99 

piiparia were roared from the gypsy moth at Moscenica, Yugoslavia. 
In 1928, T)<)9() i>uparia were obtained from 230,000 P. disj>ar collected 
at Vecs, Hungary. Since that time recoveries have been small, 
exceeding 100 only twice; 163 were reared from 330,000 P, dispar 
collected at Galgamacsa, Hungary, in 1931, and 109 were reared from 
320,000 P. dispar collected at Jank, Hungary, in 1930. 

C^ollections of satin-moth larvae were made in Vienna, Austria, 
from 1928 to 1930. In 1928, 40 ZenilUa lihatrix were recovered from 
50,000 Siilpriotia salicis; in 1929, 124 were recovered from 90,000 
larvae; and in 1930, 26 were reared from 90,000 larvae. 

In 1930 about 6,000 brown-tail-moth larvae were collected in 
Hungary, but no ZenilUa lihatrix were reared. In 1931 no puparia of 
this species were reared from 1,500 Nygmia phaeorrhoea collected near 
Budapest, Hungary, but 22 puparia were leared from about 1,000 
larvae collected at (Iberpullendorf, Austria. In 1932, 186 Z. lihatrix 
were reared from 5,600 larvae collected at the same place. 

This sununary shows rather conclusively that ZenilUa lihatrix is 
usually of slight economic im])ortance as a parasite of the gypsy 
moth, the brown-tail moth, or the satin moth. Nevertheless, the 
fact that a large number of ])uparia were recovered at Vecs, Hungary, 
in 1928 indicates that the species may become important under 
favorable conditions. At times it may also be a valuable parasite of 
other host species which it attacks. Pustovoit (13) has recorded a 
parasitizetion by Z. lihatrix of 10.5 percent on the ])rocessi()n moth 
{Thaymetopoea proeessionea L.). 

TECHNICAL DESCRIPTION 
ADULT 

• 

The adult fly was originally described as Mvscai lihatrix by Panzer 
(13) in 1798. The original Latin description is very brief, but Lund- 
beck (r9, pi. 7, pp. 338 339) has written the excellent redescription 
and synonymy which follow. Lundbeck calls the visible segments 
2-5; the present writer calls them 1-4. Lundbeck omits the last 
segment entirely (his fifth, the writer^s fourth). 


1. Z. libairix Panz. 

1798. Panz. Faun. (lomi. LIV, 12 (Musca) —1824. Mt*ig. 8yst. Boschr. IV, 
400, 281 (Tachina) at 1838. VII, 256, 46 {PJxonstn) —1844. Zett. Dipl. 8cand. 
HI, 1163, 164 (7W/mu)--1862. Schiii. F. A. 1, 464 1891. B. B. 

DenkHchr. Akiul. Wins. Wieu, LVIll, 333 (Myxcxorista) —1907. Kat. paliiarkt. 
Dipt. HI, 278 1907. Villtui. \Men. Eiit. Zeitg. XXVI, 254, 42—1921. Baer, 

Zeitschr. f. angew. Ent. VH, 153—1924. Weiii, Arch. f. Naturgcsch. 90, 6, 
77, 14 {Kxorisla)— Tachina fauna Meig. 1824i 1 c. IV, 393, 268 et 1830. VI, 
368 et 1838. VH, 256, iExorista)—im2. Schin. F. A. I, 464 (FJxorkta)— 
1900. Villen. Bull. Soc. Ent. de Fr. 159, 11, 12 et 1907. Wien. Ent. Zeitg. 
XXyi, 248, 5—1907. Kat. palaarkt. Dipt. HI, 278. 

I 

All brownish-yellow pruinose species. Male. Froiis above a little narrower 
thiMi the eye, soinewdiat protruding. Orbits mucli broader tlian frontal strij)©, 
yein^w^ or alm^ost golden; cheeks yellow above, silvery whitish below; jowls grey, 
nearly one third of the height of the eye; frontal stripe narrow’, widening dow’n- 
wards, velvet black or brownish black. Weak outer vertical bristles present. 

a ntal bristles descending fully to the end of second antennal joint, tw^o upper- 
!t reclinate. Vibrissae ascending fully to the middle, the upper ones smaU. 
liis and jowls with black hairs. Occiput yellowish grey, wdth yellowish hairs, 
and black hairs behind postocular bristles. Eyes pale-hairy. Antennae black, 



Vol. 48, no. 2 


100 Journal qf Agricultural Rettearch 


third joint about four times as long as second; arista as long or fully as long as 
antennae, thickened in basal half. Palpi yellow. Thorax yellow pruinose, with 
four narrow black stripes, the median abbreviated behind, the lateral interrupted 
at the suture into two elongated spots; scutellum briglit yellow. Thorax black- 
haired. Three sternopleural bristles. Abdomen quite yellowish or brownish 
yellow pruinose, basal segment a little darker; it is black-haircd, with a pair of 
marginal bristles on second segmeni, a pair of discal and marginal on third and a 
pair of discal and a row of marginal on fourth segmeni. Legs black, a little grey¬ 
ish pruinose. Wings yellow at base and anterior margin, outwards slightly 
tinged; veins brown; first posterior cell narrowly open, ending near apex of wing; 
discal angle obtuse; a])ical cro.ss-vein about straight. Squanuilae yellow or deep 
yellow. Halteres yellow. 

Female. Similar; frons a little broader, as broad as the ('ye. 

Length 6.5-8 mm. 

>|t ift 4: 3fc ifc ^ 

Remarks: Tlie species is known to vary in colour, being sonu'tiines grc'yish, 
but our specimens are all brownish yellow. On account of its varying it has Ixxm 
described under several names; to the above synonymy still can be added. 
Tachina dolosa Meig., Exorida ancilla Meig., Myxexorista rNacropn H, H., M. 
grisella B. B., Zenillia perplexa Pand., Z. ducerpia Pand., Z fulva Pand., of tliese 
fauna Meig., ancilla Meig., and grinella B. B. belong to the gTeyisi\ variety. 

IMMATURE STAGES 

Em; 

The egg (fig. 1, A) is microUpe, about 0.15 mm vide and 0.20 mm long. It is 
ovoid in sha})p, and there is a distinct micropyle at the cei)halic extremity The 
thick upper surface of the chorion is rounded and lieiivily pigmenterl witli con¬ 
spicuous reticulations; the lower surfac^e is thin, flat, and transparent. ‘ Beii(*ath 
the chorion there is a thin but strong vitelline membrnne enclo.'^ing the eml)ryo. 
A thin layer of gelatinous material sticks the egg to the foliage arul may be se(*n 
protruding slightly around the v(?ntral margin of the egg. 

First-InstAK Lauva 

The larva (fig. 1, L'l increases greatly in size during the first instar .V specinx'n 
removed from the egg is 0.23 mm long and O.U) mm wide The 5-d:iy-old spc'cimen 
figured is 0.45 mm long and 0.16 mm wide. Maximum growth attainefl in this 
instar is about 2 mm in length and 0.56 mm in width. The larva is cylindrical, 
tapering antcwiorly and rounded posteriorly. It us c()mp(»s<‘d of the pseudocepha- 
lon, bearing the antennal and seiusorial organs, and 11 body segnu'nts The pseu- 
docepnalon is unarmed, but on all the other .segments (‘xcept the eleventh the 
colorless cuticle bears rows of minute Ikpines. The first three anterior (thoracic) 
segments are completely encircled with spines anteriorly On th(' fourth (first 
abdominal) segment the band of spines is broken in the pleural n'gion. The 
fifth, sixth, and seventh segments have small groups of spines on their anterior 
margins in the ventral region. The eighth, ninth, and tenth segments have small 
anterior groups and also small posterior groups in the ventral region l^he eh'v- 
enth segment is unarmed. The arrangement of the spines in rows and their com¬ 
parative sizes are indicated in the figure. TJiose on the anterior margins (jf the 
segments are directed backward, those on the posterior margins are directed for¬ 
ward. In a small, young larva the spines are very conspicuous, but as the larva 
grows they become widespread anj^, less prominent. 

The buccopharyngeal armature M the freshly emerged larva is shown in figure 1, 
D. It has no articulations. The median tooth is well developed and the basal 
lobes are very lightly pigmented. There is a pair of lateral plates at the anterior 
end of the inedian tooth, and a single salivary-gland plate ventrad of the 
region. When the salivary-gland plate is turned on its side, a pairof minute 
openings can be seen at the anterior extremity. In fully developed first-instar 
larvae the buccopharyngeal armature presents a different appearance on accmint 
of the further sclerotization of the basal lobes (fig, ly E), • ’ 

The larva is metapneustic. The two posterior spiracles open on the dorso- 
pleural portion of the last abdominal segment. The spiracuiar chambers (fig. 1, (J) 
are about twice as long as broad. 

Tlie only sensory organs observed are the minute antennal and maxillary orgafe 
eaob side of the mouth oi)ening. The antennal organs are circular ill outline* 
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and oonvoxly protuberant, measuring 0.0025 mm in both beight and breadth. 
Just below them are tlie mnxillarv organa, each composed of a group of minute 
points raised very slightly above the surface of the cuticle. Kach^'grou]) has 2 
rather prominent points and above them 2 and below them 4 or 5 tiny points. 

Sec<»\d-Tnstak Lakva 

The {-ccond-instar larva (fig. 2, .1) is about 3.3 mm long and 0.0 anm wifle when 
first formed. A larva just about to molt to the third instar was found to be 6.25 
mm long and 2 mm wide. It is more robust than the first-iiistar larva, and the 
posterior extremity is truncate rather than nuindcd. The cuticle is still colorless. 
Although the c\iticular spines are much m<>re iniiiierous than in the first instar, 
they are smaller and weakly pigmented, and therefore far less cons))icuous. The 
pseudocephalon is unarmed. There are completely encircling bands of spines mi 
the anterior margins of the first three segments Segments 4 to 10, incluKi\e, 
have only very small groups of spines on their anterior margins, and thesi‘ are all 
ill the ventral region. The posterior margins of these segments, on tlM‘ r*ontrar\ , 
are ^\ell armed. Segments 4 and 5 are not ctnnpletely encircled, for there are no 
spines in the dorsal region. Segments 6 to 10, however, have comiilet(‘l> encir¬ 
cling hands on their posterior margins. Segment 11 has no spines on the antmior 
margin, but on the posterior margin there ere from 15 to 20 ro\^s. Jtelou' tin* 
spiracles of this segment there an* severcl rows of spines directed awav from the 
spiracles in a dorsoventral direction The other sjhnes lire (hr(‘cted imtenorlx. 
Figure 2, A, show’s the arrangement of the spines, but tliere is considerable \ariii- 
tioii in the number of rows in different specinn‘ns The spines «)n the mitinior 
margins of the segments are pointed bcckwanl and those on the postinior In-rder 
are pointed forward, as in the first instar. 

In this instar the buccoidiaryngcfil armature (fig 2, H) terjninat(‘s in a pair of 
lateral hooks. There are n<» articulations. Tlu* dorsal wing of the \ (Mitral plate 
is much longer than the v(*nt ral wing, but there is no progressive* scUnot i/at ion of 
the basal wings as in the first instar. At the bast* of the lateral hooks there is a 
small sclcrite, the hypopharyngeal plate, and dorsad of it the (‘pipharyngtail plati* 
These sclerites are essentially the same in the second and third instars. Tliey w ill 
he described in connectiim with the d(*scription of the third-instar larva. 

The second-instar larva is amphipneustic. The anterior pair of spirach's 
(fig. 2, (') present two minute jiapillae, which open on the posti^rior bord(‘r of the 
first body segment. ’ There are no ])igmented spiracular chainbv'rs connecting 
them with the traelu^ae, although the faint suggestion of an unpigmenti‘d tube 
may be found in prepannl sp(‘eimcns. Tin* posterior pair of spiracles (fig. 2, D) 
are w(*Jl deveiop(*d. JOach has two papillae and often one of them is brancln‘(i, as 
in the figun*. The lieav} sj)iracular chamb<*rs an* about one and orn* half times 
as long as broad. The sear form<*d from the first-iustar spiracles is prominent at 
the base of the spiracular opimiugs. 

The sensorial organs on the j)seudot®ephalon are })raeticaliy flu* sann* as in the 
first instar. The only difference is that they are raised a little high(‘r. In this 
instar 4 pairs of small sensorial organs, having the form of fingerlikt* projections, 
were noted on the last abdominal segment, 2 pairs above the spiracles and 2 below. 

Thikt)-Jn.stak Lakva 

The third-instar larva (fig. 3, A) has tlie same form as the preceding instar. It 
is much larger, measuring 7.5 mm long and 2.5 mm wide to 11 mm long and 3.5 
mm wide. The cuticle is colorless and transparent and armed as b(*fore with tiny 
spines, but in this instar the spin^ are relatively so small that it is hard to see 
them. The pseudocephalon is arnied, bearing 3 or 4 short rows of spines on each 
side of the mouth opening. Segments 1 to 9, inclusive, have completely encircling 
bands of spines on'their anterior margins. On segment 10 tliis band is incom¬ 
plete, there being no spines in the dorsal region. Segment 11 has no spines ijn its 
anterior margin. The anterior bands on the first three segments are of njfifly 
uniform width throughout, but the bands on the abdominal segments are mueli 
wider on the venter where they cover the pwmdopodia. Proceeding posteriu4-Iy 
there is a diminution of spines on the dorsal region on the anterior margins orthe 
segments. The first three segments have no spines on tluM'r [)osf.erior borders. 
Hegment 4 has a few, and the number on each segment increases proceeding pos¬ 
teriorly. On the posterior margins of segments 7 to 11 there are completely 
^circling bands of spines. On segment 11 there may be as many as 20 rov^ 
directed anteriorly, and several row^s below the spiracles have a dorsoventrar* 
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directiou. Figure 3, Ay shows the disposition of the spines, but they are actually 
by no means as prominent as here indicated. The spines on the anterior margins 
of the segments point backward, and those on the posterior margins point forward 
as before. 

The buccopharyngeal anuature (fig. 3, B) is quite different from that of the 
second-instar larva. The lateral hooks are much straigl^tcr, there is an articula¬ 
tion between the intermediate region and the basal region, the dorsoanterior 
angle of the dorsal wing of the basal plate is strongly produced anteriorly, and there 
is a weakly sclorotizcd connection between it and the lower portion of tlie lateral 
hook. In many specimens a small opening is seen in the lateral hooks at the base 
of the ventral projection. It is believed that this is formed by th(‘ cells which 
generate the anterior hooks, as shoun by Thompson (16*, /j. S9y pL /A', fig. 23) in 
the larva of Miltogramrna punclntuni Meig., for in freshly molted third-instar 
larvae this opening is quite large. In many specimens the ventral projecti^m of the 
lateral hooks seems to have a well-developed spine at its apex. This spine, 
though, is actually attached to the cuticle. Just above the intermediate regien 
between the lateral hooks, the hypopharyngeal plate (fig. 3, E) may be dis¬ 
tinguished. This is a small, irregularly shaped sclerite having two unschw-otized 
areas in the center of which are minute sensoria. The hypopharyngeal ])late is 
attached basally to the intermediate region and anteriorly to the labium. The 
labium is a tough membrane armed with a varying number of 's\el]-dev(‘lo])ed 
spines. Just dorsad of the hypopharyngeal plate is the mimit(' epipharyngeal 
plate (fig. 3, F). This plate varies considerably in shape. Offen it is do('])ly 
emarginate. It has several unsclerotized areas bearing sejisoria, ns indicated in 
the figure. 

The larva is amphipneustic in the third instar. The anterior spiracles (fig. 3, 
C) are well developed; they usually bear two papillae, and one s])eciinen has been 
observed with three. The spiracular chamber is broad, and it wid(‘ns abruptly 
into a cap fitting over the trachea. The posterior spiracles (fig. 3, D) are large, 
heavily sclerotized, and strongly raised. They are almost half as liigli as broad. 
Each spiracular plate has three respiratory slits. The molting scar is rather 
inconspicuous. The specimen figured was taken from a fairly young third-instar 
larva in order to show the respiratory slits well, but in an older larva almost th(‘ 
entire surface of the spiracle, with the exception of the slits and a small ar(‘a around 
the molting scar, is pigmented to a deep Idack color. 

The sensory organs oh the pseudocephalon, antennal and ma\illar>, as well as 
the f(»ur iiairs of fingerlike sensory organs on the eleventh segment, are the sahie 
as in the second instar, but they are even more prominently raivsed from the sur¬ 
rounding cuticle. No other sensory organs have been distinguished. 

The PxirARiuM 

The puparia average about 8 mm loiig^nd 3 mm wide at the center. Th(‘y are 
dull red. Both the anterior and posterior ends of the puparium are rounded. 
The posterior spiracles are situated a little above the longitudinal axis and just 
anterior to the apex. The spiracles are shiny black and raised almost half as 
high as their width. The anal opening is on the under side on the anterior mar¬ 
gin of the eleventh segment. The anterior spiracles are very small but distinct. 

The pupal respiratory apparatus (fig. 3, G) is of the reduced type, the pro- 
thoracic cornicles being absent. The tubes that usually connect them with the 
internal spiracles are present, and there is a small, slightly roughened, yellowish 
area in the cuticle of the prepupa where tlie apex of this tube comes in contact 
with the puparial shell. The internal spiracles are w^ell developed. They bear 
about 200 respiratory ])apillae arn^hged along 5 or 6 radiating l)ranches. 

BIOLOGY AND HABITS 

SEASONAL HISTORY 

Zenilliii Hbatrir passes the winter as a first-instar or second-instar 
larva within the host pupa and completes its development earlyfin 
the spring. In the laboratory the first flies appeared April 6, 1*928, 
May 18, 1929, and May 16, 1931. An adult male was taken in the 
field at Vecs, llungary, on May 18, 1929. _ 

The first adults of Zenillwt, libatrix, therefore, attack Porthetn(t\^ 
dupar or some other host larva from about the middle of May until 
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FiGT^'iiE 'S.—ZenUlm libatrix, tliird larval instar and pupa- A, Larva, lateral a,si>ect (X 13), B, buccopharyn¬ 
geal arinatiirc IX 75); (\ anterior spiracles, showing spiracular chamlwrs, «pc (X 100), posterior 
spiracles, dorsal view (X 60); /C, hypopharyngeal plate (X 425), F, epipharyngeal plate (X 500), (i 
pupal respiratory apparatus, showing internal spiracle, wp (X 66) 
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the first of June or later. Puparia of Z. libatrix were recovered from 
field-collected P, dispar between June 22 and July 20 ii\ Hungary. 
Adults issued between July 6 and August 6 in the laboratory, but 
probably somewhat later in the cooler forest. It is questionable 
whether another complete generation of Z. libatrix develops in nature. 
There is probably time, for a second summer generation is easily 
reared in the laboratory. Nevertheless, it seems doubtful, because 
of the scarcity of host material late in July and early in August and 
because flies issuing at that time could live long enough to attack 
larvae in which their progeny would overwinter. One female of Z. 
libatrix was taken at Vecs on August 25, 1928. The only field-col¬ 
lected larvae in which this parasite overwintered were Fygaera pigra 
Hufn. collected on October 6 and 10 near Budapest, Hungary. 

In Hungary, therefore, Zpullia libatrix has at least t w() generations 
a year and possibly a partial third, while farther south it may have 
three regularly. 

LENGTH OF LIFE 

Zenillia libatrix adults live a considerable time under laboratory 
conditions. As many as five flies were held in glass-covered wooden 
boxes 5.9 by 7.9 by 11.9 inches (15 by 20 by 10 cm). They were fed 
lump sugar and honey solution (1 part of hon(\y to 5 parts of water) 
held on sponges. When the flies wen* not being used, they w('r(» 
kept in a dark, cool place. 

The average length of life of 18 mated females w^as 49.7 days, with a 
minimum of 27 and a maximum of 05 days; 21 males averaged 29.4 
days, wdth a minimum of 8 and a maximum of 49 days; and 0 un¬ 
mated females averaged 47.1 days, with a minimum of 34 and a 
maximum of 50 days. Of 4 males and 2 females issuing on July 12 
which were given neitlnu’ food nor water, 2 of the males lived 4 days, 
the other 2 males lived 5 days, and both females lived 5 days. 

MATING 

Zenillia libatrix adults mate readily in cloth-covered cages held in 
the light, but not in the direct sunlight. They pi’ofer the morning 
hours. Temperatures from 04,4®>to 77® F. (18® to 25® C.) are favor¬ 
able. The male Hies are })articularly attracted by Hying females. 
The average time in coitus, for 10 pairs, was 85 minutes, with a 
minimum of 35 and a maximum of ] 30. Although females up to 3 or 4 
days old mate fairly readily, freshly emerged females and males from 2 
to several days old mate best. 

Female flics never mated more than once, but experimentation 
indicated that 1 male can fertilize about 8 females. One hundred eggs 
were examined from each of 8 females fertilized by a single male, and 
at least 93 percent of the eggs from each female were fertile. A similar 
examination of the eggs of 8 females fertilized by another male sliowed 
that the eggs of eadi of the first 7 females were at least 93 percent 
fertile, while the eighth female had only 3 percent of her eggs fertilized. 

PREOVIPOSITION PERIOD AND REPRODUCTIVE ORGANS? ^ 

The reproductive organs of a freshly emerged Zenillia libatrix 
female are shown in figure 4, A, Each ovary consists of a number of 
ovarioles (fig. 4, B), pissectioiis showed that in some small fUHg 
there were only 61, while in one very large fly there were 92 in one*" 
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Fkivkk 4 -Zemilia tibaini: .1, Jieproductivc orijans of freshly emer^jed luiumted female, or, ovary, od 
osiduet, au, anterior uterus, si»ermathecu, an, accessory gland, pn, iKisterjor uterus; r, rectum; 
Wanus, 0 , ovipositor (X IIP B, Ovan'oU* (X HH) (\ Rciiroductive organs of mated ovipositing female 
(X 10). J), Male reproductive organs t, testis; ag, accessory gland, ai, ejaculatory duct, rp. ejaculatory 
pump; socoBd genital segment, p, perns, f, forceps (X 17) K, Host pupa with Z, /i/inhir larva in 
situ; 0 , ofienlng to outside air, f, tegumental funnel. /. parasite larva (X 2). 
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ovary and 107 in the other. In a freshly emerged female about 10 
developing eggs can be seen in each ovariole. If the fly is held several 
days before mating, all the eggs that will develop can be distinguished. 
Dissection showed that 14 is the usual number in an ovariole. 

After the fly is mated, the eggs develop rapidly. The mature eggs 
are pushed into the oviducts and pass the spermathecal opening, 
where thw are fertilized, and from there descend to the posterior 
uterus. The posterior uterus, which is quite short in the unmated 
female, enlarges enormously as the eggs descend into it until it forms 
a complete coil, taking up most of the fly’s abdomen. Figure 4, O, 
shows the organs of a fertilized female extended in order to show the 
various parts. 

Oviposition does not begin until practically all the eggs are in the 
posterior uterus. Six females were mated and isolated on July Jo. 
One of them started ovipositing in 8 days, 3 in 9, and 2 in 10 days; 
but it was not until a few days later that they oviposited eagerly. 

The male reproductive organs arc shown in figure 4, />. 

OVIPOSITION 

The fact that Zenillia lihatrix females deposit tlieir eggs on foliage 
has already been noted. The object of this peculiar habit is to elfect 
entrance into a, host larva with the eaten foliage. In (‘onfinement 
the flies oviposit readily on almost any type of leaf, usually along the 
leaf margin. The fly bends the abdomen forward betw(»cn its legs 
and deposits the egg by touching the surface of the leaf. A bit of 
gelatinous substance on the ventral surface of tlie egg sticks it to the 
leaf. The presence of a host larva undoubtedly stimulates oviposition, 
and if the edges of the leaf are cut the flies will oviposit along th(‘se cuts 
very readily, whether host larvae are present or not. Evidently t.h(' 
flies can sense that a feeding larva is probably res])onsibl(' for fresii 
cuts in a leaf. 

REPKODUCTIVE CAPACITY 

Dissection of several female flies showed that their reprodiu'tive 
capacity varied considerably witli,the size of the ily. One wry small 
fly had only 820 eggs, while the greatest number found was 2,439. 
The average number of eggs from 10 flies reared from Portlietria dlt^par 
was 1,820. 

VIABILITY OF EGOS 

When Zenillia libatrix eggs are laid, the embryos are completely 
developed, and upon examination distinct movement can be seen. 
Observations were made to determine how long the eggs that are 
not eaten remain viable after deposition. Environmental fai'tors 
affect the eggs so much that it seemed to be impossible to determine 
the percentage Which lived a specific number of days or even their 
average length of life. Eggs laid on the upper surface of the leaf 
and exposed to sunlight lost their viability more quickly than those 
laid on the under surface of the leaf. It was therefore decided sim]^ly 
to try to find the maximum number of days after deposition that 
eggs would remain so virile that host larvae eating them would becomes 
parasitized. For this purpose flies were induced to oviposit on ^he 
foliage of trees by confining them for several hours, in small cages, 
oyer a few of the leaves. The leaves were then left exposed on the 
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trees and on successive days were cut and fed to host larvae. In 
1931, at Budapest, Hungaiy, when Porthetria dispar larvae were fed 
Z. Hbatrir eggs from 1 to 12 days old, larvae that ate eggs from 1 to 
7 days old w ere killed by the parasite. In 1932, at Melrose Highlands, 
when larvae of Porohijf worl L. were fed eggs from 8 to 22 days old, 
the larvae that ate eggs from 8 to 15 days old produced Z. libatrix. 
It is therefore apparent that some of the eggs remain viable at least 
15 days. Another fact brought out by these observations was that, 
although the eggs are scraped off the foliage rather easily wdien a drop 
of water is applied, they .stick on veiy w^ell during heavy rains. 

MODE OF ENTRANCE INTO HOST 

The following obs(U vations on the entrance of the parasite into its 
host were made for the writer by 1). W. Farquhar: 

By Mujaiis of the hinocnlar niicroscope, larvae of Phichaetias egle Drury were 
observed feeding: on foliage bearing ZcniUia eggs. The larvae assuined a position 
along Ihe oflge of the leaf, {)arallel to its axi.s, biting off areas of the nuirgin with 
their laterally opiTating mandibles. Sim*e the areas bitten off are considerably 
largfT than the eggs, most of the latter are entirely engulfed. However, if the 
mandibles strike' the eggs a glancing bh»w, the eggs are forced either into the 
mouth or back onto the leaf to be con.sumed later If the mandibles strike tlie 
eggs a direct blow, the maggot is ejected fn»m the ('gg and either enters the mouth 
of the host or adheres to the foliage until sub.setiuently retaken. Although not 
observ(‘d in the labtiratorv, it is probable that some eggs or maggots, when struck 
by the jaws of the ho.st caterpillar, drop to the grouml and are lost. 

.4n (‘Ifort was made to locate the portion of the alimentarv tract in which the 
eggs hatched. Dissection of a Phtrha(tiaf< eglv larva 5 minutes after it had fed 
on foliage bearing ZenilUti eggs showed both maggots and unhatchcfl eggs dis¬ 
tributed from the anterior end of the alimentary tract to the large intestine. 
The maggots \\ere cTawling about in the lumen of the canal, none liaving pene¬ 
trated the wall. Tho.se eggs that Jiad not hatched yielded maggots readily wiien 
lightly compre.ssed with the forceps. An examination of the e.xcrement of 
imrasitized caterpillars .showed many empty eggshells but no unhatehed eggs. 
To dett'rmine whether the dige.stive Huids alone Avere the direct cau.s(‘ of hatching, 
the (‘Titire digestive tract of caterpillars Avas dissected out, dried externally to 
remove all lilood, slit open, and eggs Avere introduced, A pronounced sAvelling 
of eggs en.sued, owing to imbibition of the digestive juices, but none of them 
hatched. 

From these experiments it ajijiears that (1) hatching is not limited to any one 
])art of th(‘ alimentary tract but occurs generally throughout its length, and (21 
the dig(*stive juices do not alone cau.se the eggs to hatch, but they induce a swelling 
of the (‘ggs which renders them more susceptible to rupture due to the A’ariations 
in pre.ssure caused by motioms of the digestive tract and of the caterpillar as a 
Avhole. It is ])robable that the absorption of the dige.sti\"e fluids is follow'ed by 
increasi'd activity of the maggot, which assists in the hatching, particularly in 
the rupture of the vitelline membrane. 

The writer also found that ZeniUia eggs failed to hatch when im¬ 
mersed in fluids removed from the digestive tract of Porthetrm dispar^ 
but vSeverin, Severin, and Hartung (/5)*observed that the microtype 
eggs of Chaetogaedia montkola Bigot hatched veir wtII when placed 
in the alkaline juices emitted from the mouths of several species of 
h()st larvae. 

LARVAL DEVELOPMENT 

The time required for ZeniUia libairix to complete its larval devel¬ 
opment depends more on the development of the host than on the 
parasite itself. The parasite larva hatches very soon after the egg 
is eaten and bores through the w’^all of the alimentary tract into the 
body cavity. It then enters one of the large abdominal muscles,- the 
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silk glands, or occasionally a histoblast. Dissections have shown 46 
in silk glands, 37 in muscle fibers, 2 in histoblasts, and 35 “floating 
free.” Those found floating free were probably in muscle fibers that 
were ruptured by dissection. Larv'ae have been found in the silk 
gland 48 hours after the egg was eaten, and it w probable that they 
reached there some time before that. 

The tiny first-instar larva remains in one of these three locations, 
developing slowly until the host larva starts to pupate. During this 
period it has no connection with the air and must obtain its supply of 
oxygen through its body wall or from ingested blood. When the host 
larva starts to pupate, the parasite larva migrates to the anterior 
portion of the forming pupa. At this time it starts (.0 grow rapidly, 
and the basal lobes of the buccopharyngeal armatun' become sclero- 
tized, as shown in figure 1, A’. Tile parasite now forct's a small 
opening in the host pupa between any of the ventral plates of th<' 
head sclerites. The irntation set up at this point results in an iji- 
growth from the host pupa, which rapidly txinis dark brown and 
fonns around the |)arasite larsni in the shape of a funmd with the 
narrow end open to the outside air. This peculiar formation, which 
is common among the Tachinidae, assures the [)arasitc of a constant 
supply of air. In Zenillla the funnel tube is long and narrow and 
sharply angled where it widens out (fig. 4, A’). The wide part of the 
funnel rests against the inside of the host pupal shell. The rest of 
the parasite’s larval lif(* is completed rapidly. It molts to the. second 
instar soon after the funnel is formed. As it grows the funnel also 
increases in size. After it molts to the third instar, it rapidly devours 
most of the contents of the host pupa and issues by cutting an open¬ 
ing between the abdominal segments. Occasionally it forms its 
puparium inside the host pupa, and the fly is.sues by breaking the 
pupal shell. .... 

Because larvae of ZenUlia lihatrix do not begin to develop rapidly 
until the host lar\'a pupates, the time re<piired for development is 
variable. Often, when two host larvuic ai’c attacked on tlx* same 
date, one w'ill pupate within a few days while the other may requin* 
as long as 2 weeks or more. In, such cases the ZenUlia mafjgot in 
the host that pupated may issue and form its puparium while tlx* 
ZenUlia maggot in the host larva that did not pxiput(> is still in tlx; 
first instar. In laboratory roarings 2 Porthetria dupar pupae, the 
larvae of which were fed eggs on August 8, produced /?. lihatrix 
puparia 15 and 1(5 days after attack, and 19 StUpnotia xalicis larvae 
that were fed eggs on August 2 pupated and produced (5 Z. lihatrix 
puparia 19 days after attack. In most of the laboratory roarings, 
though, development w'as much slower. On August 6, 123 fourth- 
instar P. dispar larvae were* attacked, and from them 103 ZenUlia 
puparia and HP; dispar moths were reared. The first puparia were 
formed on September 1 and the last on September 17. Maximum 
formation of puparia occurred September 10 and 11, 35 and 36 days 
after attack. 

ZenUlia lihatrix larvae overwinter in the first or second icistar within 
the funnel formed in their host pupae. Most of the overwintering 
larvae arc in the second instar, but evidently their development is 
sometimes arrested by cold temperatures before they molt to this 
instar. 
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Zenillia libatrix larvae are so tiny (0.23 mm long and 0.10 mm wide) 
when first hatched that Townsend (17) considered it probable that 
there were 4 larval instars in ZenMia and other tachinids laying 
microtype eggs, as (compared with 3 in other tachinids. First- 
instar Zenillia larvae at all stages of development were therefore 
examined. By comparing the number and arrangement of the emti- 
cular spines, and the size of the anal spiracles and spiracular chambers, 
it was definitely determined that Zenillm has only 3 larval instars. 
The enormous growth in the first instar is, nevertheless, veiy striking. 
Larvae only 0.23 mm long w^hen hatched regularly increase to 10 
times this size, or about 2 mm, without molting. Such an increase 
may, however, h(' more common than was formerly supposed. Cush¬ 
man {()) found that the ichneumonid ThersUochus conotracheli Riley 
also increases enormously in size during the first instar, lie does not 
give dimensions of freshly emerged larvae, but the egg is only 0.33 mm 
long and a full-growui first-instar larva is 2.00 mm long. 

. PKHIOI) SFKNT AS A PUPAKIUM 

‘ After issuing from the host pupa, the full-giwvn Zenillia. maggot 
burrows into the ground a short distance and forms its puparium. 
No records of tlu' lime between tlu' formation of the puparium and 
the issuance of the adult Hies were made under natural conditions. 
Table 1 shows the time required when the puparia were held in the 
laboratory. Re(*or(is w<'re made in September. 

I," -Time spent hj/ Zenillia libatrix in the puparmni when held in Inhoratorp 


Time after foirnation of 
puparium 


Ailult I Adult 
males I female'' 
ISSUIUR ! is.sumR 


Tune after formation of 
puparium f(la>s) 


Adult I Adult 
males 1 feninle'? 
issuing 



Number ' Number ! 


11 

4 1 

i i-'* 

12. 

7 ' 2 1 

1 lb 

Id 

is 1 ! 

1 17 

14 

Hi ' 15 1 



Nurnhif ! Numher 
U I 19 

0 ; 4 

1 


As is cotnnion ainonf; the Taeltinidue, the nuijority of female 
Zenillia issued about 2 days later than the majority of the males, 
Tliis is an important factor in mating, for the best imiting is obtained 
between freshly emerged females and males from 1 to scvej-al days old. 

LABORATOKY REARINC 

Zenillia libatrix did not liihemate readilj^ in laboratory-reared 
material. At Budapest and also at Melrose highlands, Mass!, a large 
number of host larvae, in which the species develops a summer gen¬ 
eration, and which overwinter as pupae, were attacked late in Sep¬ 
tember and early in October. A few of the parasite larvae hibernated, 
but the majority completed development and the flies issued so late 
l!im,t tliey could not possibly have found host larvae to parasitize. 

Observations were made on the number of Zenillia libatrix that 
could complete development in a single Porthetria dispar. Sixty- 
three host larvae that ate Zenillia eggs pupated, and the pupae were 
isolated. Thirty-^ven produced no parasites, 20 [produced I pu¬ 
parium, 4 produced 2 puparia, 1 produced 3, and 1 produced 5 puparia. 
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At Melrose Highlands 8 puparia were recovered from a single pupa 
of Bombyx rnori. 

Fifty Portheiria dispar larvae that ate different numbers of eggs of 
Zenilha libatrix were isolated and reared for parasites. In this small 
number of examples there seemed to be no correlation between the 
number of ZenUlia libatrix eggs eaten and the probability that a parasite 
would develo]). One larva that ate 2 eggs })upated, and from these 
eggs 2 Zenillia libatrix completed develo})ment; but in a number of in¬ 
stances no parasite developed even when from 10 to 80 eggs were 
eaten. No superparasilism was detected in these specimens. 

It was at first believed that, unless host larvae eating Zenillia 
eggs were fairly large, the eggs would be crushed. It was found, how¬ 
ever, that a large percentage of Zenillia libatrix completed development 
in Porthetria dispar that were fed eggs when’they were small third-in¬ 
star larvae. 

FACTORS LIMITING THE EFFECTIVENESS OF ZENILLIA LIBATRIX 

AS A PARASITE 

The fact that Zenillia libatrix has never been jvared in large num¬ 
bers from Porthetria dispar^ Nyymia phaeorrhofa, or Siilpnotla saliciSf 
although some puparia are usually recovered from large-scale roarings 
of each of those hosts, indicates that there must be hudors seriou.sly 
limiting the effectiveness of the species as a ])arasite. It surely is not 
the fly's habit of ovipositing on leaves, for Stunnln scntellata^ K.D., one 
of the most effective of all Porthetria dispar parasites, gains eutran(‘e into 
the host in the same manner, (dimatic conditions can also hardly be 
responsible^ for Zenillia has a wide distribution. Zenillia may not bo 
entirely suited to these hosts, but that also hardly seems likely, for 
wlien the eggs are eaten under laboratory conditions a Fairly large 
percentage of attacked larvae produ<‘e the parasite. No natural 
enemies of Zenilha libatrix were observed, and in Porthetria. fllspar no 
maggots killed by phagocytes were noted. 

A few facts have been noted in rearing work, hovv(‘ver, which might 
be parth^ res])onsibIe for the parasite's low effectiveness. The fact 
that the species is very ])olyphagous would seem to limit its effective¬ 
ness on any one species. Since Zenillia libatrix is double-brooded, a 
great many individuals complete a generation in the fall after suitable 
host larvae have gone into hibernation. As these flies perish without 
reproducing, a small number of flies issue in the spring. Probably the 
most important limiting factor, though, is that the species must 1)C 
severely handicapped by parasitic competitors. It requires a long 
period of development, and host larvae containing small Zenillia 
mi^gots might be attacked by other parasites, such as Phoroeera agilis 
R.D., which would complete development and issue from the host 
larvae before Zenillia libatrix even molted to the second instar. It 
seems to be just as readily defeated in competition by Sturmia scutel- 
lata^ which usually issues from the host pupa, for this species develops^ 
beyond the first instar in the host larva, and therefore when the h iSi 
pupates it is considerably further developed than Zenillia. At Vecs,^ 
Hunga^, so many puparia of Zenillia libatrix were recovered in 1928 
that a fair recovery was expected in 1929. As a matter of fact, the 
species practically disappeared. Apparently it had overwintered 
successfully, for a male adult was taken in the field that spring. That 
summer parasitization by Siurmia scutella increased enormously. 
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^ PROBABILITY OF ESTABLISHMENT 

From 1906 to 1910 only 177 adult ZenUlm libatrix were liberated 
in New Enp:land. In 1927, 327 adults were liberated, in 1928, 1,004 
adults, and from 1929 to 1932 only 129 adults w ere liberated. This is 
a small number, but, since laboratory work has indicated that the 
species can hibernate in at least one common native lepidopterous 
larva, it is (juite ])ossible that it has been able to survive. It has 
nev(»r been recovered from collections of Porthetria dispar, Nygmia 
pbaeonhoea, and Stilpnotia salicls in New' Phigland, but perhaps 
further collections will show* that it is actually established. 

SUMMARY 

Zeoillia libatrix is a leaf-ovipositing tachinid, common throughout 
Europe. It is a ])arasite of minor importance on the gypsy moth, 
brown-tail moth, and satin moth and attacks many other species of 
lepidopterous larvae. It has been liberated in New' bmgland but has 
not yet been recovered. 

The vari(Ais stages of the parasite have been described in detail. 

A study of the life history of Zenillla llhatrij' has show n that it has 
tw'o generations a year and possibly a partial third. The winter is 
spent as a lirst-instar or a second-instar lai’va within the host pupa. 
The tirst generation is completed on Porthetria dispar or some other 
host available during May, June, and early July. A second genera¬ 
tion may l)e comi)leted in August, but probably larvae of the second 
generation hibernate. The parasite has been reared in the spring 
from larvae of Pyyaera piyra collected in the field in October. 

The adult (lies live and mate well in confinement. The females 
oviposit readily on leavi's that have been fed upon or cut. The aver¬ 
age number of eggs produced by one female is al)out 1,800. Tlie eggs 
may remain viable for as long as 15 days after oviposition. The 
eggs are eaten by host larvae as they feed upon foliage, and the tiny 
Zenillia larvae hatch and bore their way through the alimentary 
tract. They enter the silk gland, one of the abdominal muscles, or a 
histoblast and develo]) veiy^ slowdy until the host pupates. They 
then migrate to the anterior portion of tlie host pupa, form an integu- 
mental lueathing funnel, and rapidly finish development. The 
full-grow n larva issues from the host pupa and forms its puparium in 
the ground. The male usually spends 13 or 14 days in the puparium, 
the female 14 or 15 days. 

As many as 5 Zenillia larvae may complete development in a single 
specimen of P. dispar, although usually only 1 parasite issues from 
a host. 

The effectiveness of the parasite seems to be limited by its polypha- 
gous habits, the fact that it is double**brooded, and its slow' larval 
(levolopment, which makes it a poor competitor of other larval 
parasites. 

It may be established in the UniU^d States, for although only small 
•“lumbers have been liberated, it has been found to overwinter in a 
common native species, Melalophxt in^^lusa, attacked at the laboratory. 
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DEVELOPMENT OF A STANDARD CAGE METHOD FOR 
TESTING THE EFFECTIVENESS OF STOMACH-POISON 
INSECTICIDES ON THE JAPANESE BEETLE ^ 

Hy Walter K. Fleming - 

Entomologiffiy Division of Japanese and Asiatic lieetles^ Bureau of Entomology^ 
United States Department of Agriculture 

INTRODUCTION 

It is diflic.ult to detoriniiie definitely tlie etrectiveness of stomach- 
poison insecticides on the adult Japanese beetle (Popillia japottica 
Newm.) in the field because of the habits of the insect. The beetle is a 
strong flier, moving intermittently from one plant to another. A 
nucleus of beetles on a j)lant attracts other beetles flying in the 
vicinity. This insect is generally repelled from foliage on which 
there is a spray deposit (J, 6*, 8, fS)/^ When beetles do alight on 
foliage that has been sprayed with a stomach-poison insecticide, 
some leave without feeding, some <‘onsume a sublethal dose, some con- 
suim^ a fatal dose and fly elsewhere to die, and a relatively small num¬ 
ber die on or near the plant. It was early recognized that the beetle 
would have to be confined and kept under observation before the 
insecticidal value of a material for it could be determined. 

(Campbell (/), after experimenting with silkworms, proposed a 
method for determining toxicity based on the introduction of a known 
(|uantity of a poison into th(' body of a feeding rnandibulate insect by 
jdacing a dro]) of known concentration in its path and permitting it to 
imbibe the licpiid. This method was tried without success with the 
flapaiu'se beetle. It did not imbibe readily or completely a drop of 
li([gid placed in its ])ath on a leaf but usually walked through the drop, 
scattering the liquid over the surface of the leaf. Attempts at forced 
feeding through the mouth also proved futile because of regurgitation 
by the insect. 

Van Leeuwen {JJ ) conlined Japanese beetles in individual cages with 
foliage that was <*oated with a known (quantity of lead arsenate. By 
measuring the area of leaf eaten he was able to calculate the quantity 
of poison taken into the alimentary tract. This work indicated that 
the sandwich metliod of Campbell and Filrner (S) and Campbell (-^?), 
which overcoine.s any errors introduce<i by the material being brushed 
off the foliage or clinging to the body of the insect ami which has been 
used successfully by Richardson and Haas (//) with larvae of the 
(Colorado ])otato beetle, might be used to determine the smallest (juan- 
tity of a compound necessary to kill the Japanese beetle. 

There are, however, several difficulties connecteil with testing stom¬ 
ach-poison insecticides against the Japrfne.se beetle in this manner: 
(1) As each feeding individual must be observed continuously, few 
materials can be tested at one time and little can be ac(‘omi)lished in 
the short season that the Japanese beetle*is available; (2) the beetle 
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is a gregarious insect and reacts abnormally when isolated in^mdividual 
cages; (3) the beetle is an intermittent feeder, moving from one part 
of the foliage to another and making several punctures which are 
usually so small that in order to measure them accurately it is neces- 
saiy to project an enlarged image of the eaten portion of the leaf. 

The method by which several insects are confined in each cage with 
treated foliage and the mortality is determined at intervals seemed 
to be best adapted for work with a gregarious insect such as the 
Japanese beetle. As beetles survive in these cages from one to 
several days, it is not necessary to keep them under constant observa¬ 
tion. The investigator is thus able to conduct many t(^sts during 
the short period in the summer when the Japanese beetle is available 
for experimentation. This procedure measures the effectiveness or 
noneffectiveness of a material, but it does not, of ccuirse, measure its 
actual toxicity. The toxicity of a stomach-poison insecticide should 
b(‘ based on the actual weight of the material in tlu' alimentaiy tract 
which is fatal to the insect. 


TESTING MATERIALS IN WIRE CAGES IN AN OPEN INSECTARY 


The procedure that has been used 
Japanese beetle laboratory has been 


for the last 10 years at the 
to confine beetles in a wire 
cage (fig. 1 in an open 
insect ary with foliage 
sprayed witli a material 
of known concentration 
and to compare their 
death rate with that of 
beetles confined under 
the same conditi(nis 
with untnaried foliage. 
(Vrtain phases of these 
studies have been |)ub- 
lished by Moore and 
Campbell (.9), Van 
Leeuwen and 

Fleming (5). The re¬ 
sults obtained in suc¬ 
cessive tests with a, 
material by this proce¬ 
dure varied considerably because of differences in the t<Muperature and 
the relative humidity in the insectary. 



FiCfUKE 1 -Wire cage used for testiug the effect of stomwli-poison 
insecticides on Japanese beetle.s 


.PROCEDURK 


A series of e-xperinieiits were conducted to determine the variations 
in the deatii rate of Japanese beetles when confined in wire cages and 
to correlate these, variations as far as possible with the environmental 
factors of temperature and humidity in the insectary. Fifty-j^’W 
tests were made at daily intervals from July 7 to Augvst 26, 1926, 
which is practically the period when the beetle can Ims found readily 
in the field in southern New Jersey. In each test 100 beetles were 


Which was devised by J. J Davis, formerly in charge of the Japanese beetle laboratory, is 
24 Inches long, 12 inche;* wide, and 14 inches high. The bottom and the ends are of wood. Tlie sides and 
i 1 T l6*mosh wire cloth. A hinged door at one end permits the intriMluction of iiisocst 
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placed in -two cages with potted plants of smartweed (Polygonum 
pennsylrahicum) that hnd been sprayed with lead arsenate ® at a con¬ 
centration of 5 pounds to 50 gallons of water, 100 beetles w^ere confined 
in two cages with unsprayed jilants of this variety, tind the same 
number were confined in two (‘ages without food. The temperature 
and r<dativ(‘ humidity were re(‘orded hourly between 7 a.m. and 6 
p.m., and the Ix^etles alive in each cage were counted at 24-hour 
intervals for 5 days. At the end of the season the maximum, mini¬ 
mum, and average percentages of mortality of the beetle, when 
confined wdth sprayed foliage and when confined without food, were 
determined by the following formula: 


Number alive with unspraved foliajije —number alive 
\^itli spra>(*d foliage or without f ood 
Number alive with unsprayed foliage 


100 - percent mortality 


A(VnJRAOY OF RESULTS WHEN BEETLES ARE (’OT.LECTED IN THE FIELD 

In order to have individuals of known age and history, an attempt 
was made to ivtiv lieetles for th<\se tests. A sufficient supply could 
not be obtained in this manner, so lieetles were collected daily, as 
nxjuired, from unsprayed foliage in orchards and fields. It was 
suspected, because of their feeding habits, that many of these beetles 
had also fed on sprayed foliage. An experiment was conducted to 
(hdermine the possible error introdu(‘ed from this source. At int(Tvals 
during the summer, beetles were collected from unsjirayed foliage on 
golf courses and farms. Other beetles were reared in the insectary 
in ord(u to ha\e a group of known history for comparison. One 
hundred beetles from each group were placed in two cages in the 
insectary with unsprayed smartweed, and their survival was deter¬ 
mined over a period of 5 days. At the end of this period the beetles 
were digested with arsenic-free nitric and sulphuric acids to destroy 
the organic matter, and the (juantity of arsenic was determined by 
the standard Outzeit method.^* Since arsenic oxide is 82.1 percent of 
this lead arsemate, the (|uantity of lead arsenate ecpiivalent to the 
oxide was found by multiplying by 3.125. Table 1 shows the survival 
of these be<‘tles and the average (|uantity of arsenic oxide found per 
beetle. 


Table 1 .— The arsenic content and (he survival of adult Japanese beetles taken on 
unspraped foliage in the field, and of beetles reared in the insectanj 


Source of beetles 


sL’if course . . 

('orufleld 

drape vine .. % 

Hedgerow 

Apple orchard . - 
Reared in the inseefary 


I i f'lirvival ,.r 

i ' 


Beetles 


1 

i 

1 


1 

t in test 

1 Arsenic 

1 oxide 
(AssOfi) 

Equiva¬ 
lent lead 
arsenate 

i 1 

Kirst 

day 

1 ] 

Second 
day 1 

I'hird 
day I 

Fourth 

day 


MtUt- 

Afilli- 





A'^uinber 

gram 

gram 1 

Perieni 

Percent 

Percent i 

Percent 

m 

0.000061 

0.000190 

99.2 

96.6 

95.4 j 

94 S 

100 

. 000150 

.000469 

100 0 

100.0 

100.0 

IWl. 0 

100 

.000156 

.000488 

100.0 

96.0 

94 0 : 

94.0 

300 

.000149 

.000466 

100.0 

95 3 

93.0 

92.3 

1,400 

.000154 j 

.000481 

99,3 

97.9 

96.2 

94.0 

m 

.000047 

.000147 

100.0 

t_ 

100.0 

96.3; 

95 0 


Fifth 

day 


Percent 
94.2 
100.0 
92.0 
91. () 
90 .3 
93. .3 


Un the lesLs reinirled in this pai.>er, ordinary coininercial a(id lead arsenic containing 32.1 percent AsaOj 
was used. • 

« R. E. Uulse,.formerly agent, U.S. Department of Agriculture, made these analyses 
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All the beetles, regardless of the source, contained soifie arsenic. 
The beetles collected on the golf course had probably emerged from 
the ground only a short time prior to capture, be(*ause their arsenic 
(‘-onteiit was practically the same as that of the beetles reared in the 
insectary. The arsenic content of the beetles obtained on the farms 
was approximately three times that of the beetles reared in the inse<‘- 
tary, indicating that some had fed on sprayed foliage. The average 
arsenic content of the beetles captured in the field ranged from 
0.000061 to 0.000156 mg of arsenic oxide per beetle, which is equiva¬ 
lent to 0.000190 and 0.000488 mg, respectively, of lead arsenate. 
Van Leeuwen {12) has estimaknl that a dose of lead arsenate between 
0.0035 and 0.0156 mg is fatal to the Japanese beetle. 

The death rate of the beetles obtained from different sources in the 
field was practically the same as that of beetles reared in the insectary. 



FmvRE 2 -Mortality of .fapauese beetles when confined with sprayed folla«:e in wire ca^es iti an <»ufs'i<h‘ 
insect ary and in a chamher under coni lolled conditions. 


It would appear, then, that beetles collected at random in the field 
from unsprayed plants should be as satisfactory for insecticide experi¬ 
ments as beetles reared in the insectary. 

COMPARATIVE MORTALITY OF BEETLES IN CAGES WITH SPRAYED FOLIAGE AND 

WITHOUT FOOD 

The results of ‘the experiment in which insecticides were tested in 
wire cages in an open insectary are given in table 2 and also, in part, 
in figure 2. It is seen that-at any given period there was considerable 
differen(»e between the maximum and the minimum mortality. It i^fT 
therefore, apparent that the average mortality has mo particular 
significance. Furthermore, since the average death rate of the beetles 
confined without food in most cases exceeded that of the beetles 
confined with sprayed foliage, there is some doubt as to whether the 
b^^etles in cages with the arsenical died from starvation or from poison¬ 
ing,, particularly since only a small portion of the beetles were on the 
foliage at any time and the feeding was limited. 
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Table 2.-^Mortality of Japanese beetles when confined in wire cages in the inseciary 
with foliage sprayed with lead arsenatej and when confined in cages without food 


Mortality of bwtles 


Period of olisorvation (days; ' Confined with !>praye<l foliage 


Confined without food 



Maxiinum 

Minimum 

Average ® 

Maximum 

Minimum 

Average “ 


Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

1... 

6 

0.0 

0.3 I 

20 

0 0 

3.1 

2. .. 

51 

0 

10.8 

50 

.0 

8.2 


70 

1 0 

23.5 

100 

.0 

28 1 

4... 1 

100 

7 2 

38.0 

100 

.0 

50.1 

.j 

j 100 

25 0 1 

1 1 

51.9 

100 

.0 

73 9 


•* As the frequency distributions from which the figures in this column were computed exhibit no definite 
central tendency, these figures cannot be considered as true averages, but they are included in order to 
show tlie discrepancy between them and the valid averages contained in subsequent tables which give the 
results of experiments carried on under controlled conditions. 



Fiuure 3 -KlTect of temi>erature upon the mortality of Japanese beetles when confined in tlie open 
insectary in cages with sprayed plants and in cages without food 

EFFECT OF TEMPERATURE ON MORTALITY OF BEETLES 

A general idea, of the effect of temperature on the death rate in the 
open insectary was obtained in the following manner: The average 
temperature tor the daylight hours of each day was determined in 
each of the 5-day test periods in each of the 5*1 experiments. The 
beetles surviving in cages with sprayed'foliage, with unsprayed foli¬ 
age, and without food were segregated into groups according to 5- 
degree ranges of these average temperatures, as follows: 60°-64°, 
65°-69°, 70'’-74°, 75®-79°, 80°-84°, 85°-89° F. The percentage 
mortality of the beetles with sprayed foliage and without food was 
determined for each day in the 5-day period at these temperature 
ranges according to the formula given on page 117. These datp. are 
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presented graphically in figure 3. There is a definite correlation 
Detween the average temperature of the daylight hours and the death 
rate. The final average mortality of beetles confined with sprayed 
foliage was 88.7 percent when the average temperature was 
and 65.8 percent when the average temperature was 85^-89®. The 
average mortalities of the starved beetles under these conditions 
were 33.4 and 100 percent, respectively. At temperatures below 7/>° 
there was close agreement between the death rates of beetles confined 
with sprayed foliage and those kept without food; at higher temper¬ 
atures the death rate of the starved beetles exceeded that of the beetles 
in contact with sprayed foliage after 3.75 days at 75® 79®, 2.75 davs 
at 80®-84®, and 2.5 days at 85®-89®. 

EFFECT OF RELATIVE HUMIDITY ON MORTALITY OF BEETLES 

The increase in the death rate of the starved beetles above that of 
beetles with food at temperatures above 75° F. was probably due 
partly to the low relative humidity at midday whi(‘h generally accom¬ 
panies the higher temperatures in this locality. It would be expected 
that under these conditions, when the insects had no accc'ss to water 
or to a succulent })lant, the evaporation on the surface of the bodies 
might reduce the moisture content to a point where survival was 
impossible. An attempt to correlate the relative humidity with the 
death rate was unsuccessful because of the rapid lluctuations in the 
relative humidity throughout the day. When the beetle had access 
to a succulent plant, a change in the relative humidity made little 
difference in the death rate, indicating that there was sufficient 
moisture in the foliage to maintain the moisture content of the insect^s 
body practically independent of the surrounding atmosphere. 

LIMITATION.S' OF THE WIRE CAGE IN AN OPEN INSECTARY 

The simple wire cage in an insectary, with no control of the atmos¬ 
phere, is not a suitable environment for obtaining definite information 
on the effectiveness of different materials as stomach poisons against 
the Japanese beetle. The principal limitations are as follows: (1) 
The beetles pass a large jiart oh the experimental ])eriod on tlie 
wire of the cages in attempting to escape; (2) the beetles do not- 
begin to feed on the foliage until from 20 to 24 hours after introduc¬ 
tion into the cages; (3) the fluctuations in temperature, relative 
humidity, and light modify appreciably the activity and death rate 
of the beetles, making it difficult to obtain comparable results in 
successive tests with any material; and (4) the high death rate of the 
beetles confined without food gives a reasonable bavsis for <iuestioning 
whether the mortality in the cages with sprayed foliage should be 
attributed to poisoning or to starvation, particularly where the feed¬ 
ing of a number of beetles is limited to a few small punctures in the 
foliage. It seemed imperative to improve this method of testing 
stomach-poison insecticides' before proceeding further with the 
experimentation. 

DEVPJLOPMENT OF AN IMPROVED CAGE 

Early in the spring of 1932 some preliminary experiments wore 
conducted to observe the reactions in different types of cages of 
Japanese beetles that had emerged in the* greenhouses. Some 
beetles were placed in bell jars with rose foliage. The temperature 
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was 80*^ F., and the relative humidity was maintained at approxi¬ 
mately 70 percent by drawing air through saturated solutions of sodium 
chloride and then through tlie jars. A 7o-watt bulb was suspended 
above them for illumination." The beetles did not attempt to escape, 
as in the wire cages, but fed extensively on the foliage. 

A bell jar is not well adapted to insecticide tests on an extensive 
scale, because of the necessity of aerating it artificially. Several 
types of cages were constructed in an attempt to retain the desirable 
features of the bell jars and to eliminate the necessity of drawing air 
continuously through them. It was found that wire on the sides or 
top of the cage was not desirable, as the beetles usually went to the 
wire and ignored the foliage. The beetle is negatively geotropic. 



Kh.vke I (Jlass ({1^0 for iosMnp: sloniach-poistjn insocUcnlos imninsl Jaimnow' 


It is usually found on the tops of trees, shrubs, and weeds, and when 
confined in a cage it tends to climb to the u])permost part of any wire 
or framework to which it can cling, and to remain on any part of the 
top or sides of the cage, encountered while flying, that can serve as a 
resting place. 

From the expeiience obtained with the different types of cages, a 
glass cage was constructed w^hich made it practically impossible for the 
insects to cling to the sides or top and indiu^ed them to (‘ongregate 
on the foliag({ of the plants. This glass cage is illustrated in figure 4, 
The top is covered with a sheet of glass; the sides aie made of IJl-inch 
strips of glass spaced one sixteenth of an inch apart to provide ven¬ 
tilation. The cage is assembled in such a manner that the wooden 
frame does not project into the interior, except for a short distance at 


7 This exl)erini6nt was carried on by F W\ Metzger, of the Japanese beetle labortory. 
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tlie top and bottom. Tlie cage rests on a base covered \yith 8-mesli 
wire, tlu’oiigli wliich circular holes are cut to receive pottea plants. A 
pan of water is placed under the base. When the plants are placed 
in the cage, tlie lower parts of the pots are in the water, making it 
unnecessary to disturb the beetles to water the plants during an 
experiment. 

DETERMINATION OF OPTIMUM CONDITIONS FOR TESTS 

Experiments were condiujted in the spring and summer of 1932 to 
determine the best temperature, relative humidity, and light for 
carrying on insecticide tests with the Japanese beetle. 

OPTIMUM TEMPERATURE 

It has been recognized for several years that the Japanese beetle is 
greatly affected by the temperature of the atmosphere, as it has no 
precise mechanism for regulating its body tem])erature. It is gener¬ 
ally inactive below 70° F., is most a(‘tive at 85° to 90°, and is (|uiesceTit 
at temperatures above 100°. From field observation and laboratory 
experimentation 90° appears to be the optimum for activity. At tliis 
tem})erature a cooling unit is j'arely required in a constant-temjierature 
chamber in this locality. 

OPTIMUM RELATIVE HUMIDITY 

Preliminary experiments were carried on at a tiunperature of 90° F, 
and at different relative humidities to determine the optimum luunid- 
ity to be maintained in the cages. It was found that when the rela¬ 
tive humidity was 0 to 5 percent the beetle was generally inactive and 
fed to a limited extent; at a relative humidity of 35 to 40 percent the 
beetle fed to a moderate degree but devoted most of its time to flying; 
and at a relative hunjidity of 90 to 95 percent it fed extensively and 
did little flying. These reactions under laboratory conditions are in 
general agreement with those observed in the field. 

The period of survival without food is an important factor in inse(‘ti- 
cidal work with cages. One thousand beetles were confined without 
food in a bell jar in which the ridative humidity at 90° F. was 0 to 5 
percent, another group of an equal number was (*onfined in a bell jar 
at 35 to 40 percent humidity, and a third group was confined at a 
humidity of 90 to 95 percent. The mortality of each grouj) of beetles 
was determined at intervals. The results are presented graphically 
in figure 5. At a relative humidity of 0 to 5 percent, 50 percent of the 
beetles were dead at the end of 22 hours; at 35 to 40 percent relative 
humidity 50 percent were not dead until 48 hours had passed; and at 
90 to 95 percent relative huniidity 50 percent were not dead until the 
end of 81 hours. All the lieetles were dead in 48 hours at the low 
humidity, some survived for 96 hours at a humidity of 35 to 40 percent, 
and some were alive after 144 hours at 90 to 95 percent relative 
humidity. 

The influence of humidity has been ignored in the past in testing 
the effectiveness of stomach poisons against the Japanefee beetle. It 
may not have so great an effect as temperature, but it does alter the 
results of successive tests with the same materials. From the results 
of these experiments it was concluded that a relative humidity 
•'between 90 and 95 percent is the optimum fOr conducting tests witn 
stomach-poison insecticides against the Japanese beetle. 
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OPTIMUM ILLUMINATION 

In the (lark the Japanese beetle is practically inactive, although if 
it is on foliage it may feed a little; it is aroused to activity by illumina¬ 
tion. Moore and Coles (7) obstuved that the beetle shows a negative 
geotrojiic response only when illuminated. It is well known that the 
flapanese beetle is affected by the length of the day and the intensity 
of the illumination. Light is essential to e.xtensive feeding by tliis 
insect. Undiu’ controlled conditions artificial illumination is neces¬ 
sary. The kind of light to be used in climatic simulation should bo 
determined by the response of the insect. It was planned to study 
the feeding respiinsc*. of the beetle to artificial yellow light from electric 
bulbs of different intensities and, if tliis source of light prov^ed unsat¬ 
isfactory, to experiment with light from other sour(*es. 

The response of the beetle to artificial yellow light of different 
intensities was studied in the special glass cages in a dark chamber. 



Fl<iruh KfTecl of rohili\t' liiiiiiuiitj on llie moitn]it\ of Japanese bealUs k(^pJ \uthout foot! at F. 


When tlui iivorajjo intensity was loss than So oanitlc-niptci's, tiio 
insoct was inclined to be slu^jrish; with an ilhuuination of 85 candlo- 
meters if moved readily and fed extensively on the smartweed in 
the cage; hut the response was not greatly increased when the intensity 
was increased to 500 candle-meters. Moore and (Jole (7) found 
that the beetle responded in 15.5 seconds to light of an intensity of 
85 candle-meters, and by increasing the intensity to 3,276 candle- 
meters they reduced the time to 10.22 seconds! The activity of 
the beetles m the special glass i-ages illuminated with artificial yellow 
light of an intensity of 85 candle-meters, was practically the same as 
in the field; the beetles collected in groups on the plants, fed exten¬ 
sively, matpd freely, and deposited eggs in the soil about the roots 
of the plants. 

This response of the Japanese beetle to artificial illmnination is 
similar to that of grasshoppers, as shown by Parker {10), who found 
that the feeding response of the passhoppers Mehnoplus mexicanus 
mexicanus Sauss. and Camnvla pellucida ^.udd. in controlled cabinets 
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illuminated artificially with a 75-watt bulb was practically the same 
as the response in the field. 

Inasmuch as a satisfactory feeding response was obtained with 
artificial yellow light of an intensity of 85 candle-meters, it did not 
appear nec^essary to experiment with illumination of greater intensity 
or to try other kinds of light. 

An average intensity of 85 (‘andle-meters was obtained by placing 
a 60-watt bulb in a flood-light reflector 6 inches above the cage. 
The intensity of the illumination in the cage varied with the distance 
from the bulb. On the bottom of the cage, 26 inches from the 
bulb, it was 40 candle-meters; it was 50 (uindle-meters 4 inches 
above the bottom, 60 at a height of 8 inches, 80 at a height of 12 
inches, and more than 100 at a height of 16 inches. The distribu¬ 
tion of light in this manner stimulated the insect to move to the 
foliage in the upper and lighter part of the cage. 

These experiments indicated that the best environment in whicli 
to conduct controlled tests of stomacdi-poison insecticides on tlu' 
Japanese beetle was one with a temperature of 85^ to 90° F., a 
relative humidity of 90 to 95 percent, and (‘ontinuous illumination 
from the top with artificial yellow light having an average intensity 
in the cage of 85 candle-meters. 

CHAMBER WITH CONTROLLED TEMPERATURE, HUMIDITY. 

AND LIGHT 

A satisfactory controlled chamber ® was constructed by lining the 
walls and ceiling of a cellar with insulating wall board and installing 
heating and humidifying devices. The teinpcu^atiire is controlled 
by a commercial thermostat equipped with a rocking mercury valve, 
"rtie sensitive element of the thermostat is so arranged that as the 
temperature falls the mercury flows to one end of a glass tube an<l 
closes the circuit between two electrical points; and when the tem¬ 
perature reaches 90° F. the mercury flows away from these electrical 
points, leaving the circuit open The thermostat activates a cen¬ 
trifugal pump which forces water at 160° through a heating unit 
and starts a fan which draws air over the heating unit and returns 
it to the chamber. 

The humidity is controlled by means of a silk-thread liygrostat, 
which by expanding and contracting activates a rocking menuiry 
valve, operating the humidifier. The humidity is maintained at 
90 to 95 percent by drawing the air through a fine spray of water 
and returning it to the chamber. 

Each cage is lighted by a 60-watt bulb in a flood-light reflector 
placed 6 inches above the cage. The walls, ceiling, and benches 
are painted black to avoid reflection and to have the zone of most 
intense illumination m the cages. 

COMPARISON OF RESULTS WITH LEAD ARSENATE IN THE INSEC¬ 
TARY AND IN THE CONTROLLED CHAMBER 

A series of experiments were conducted to compare the results 
obtained with lead arsenate under these controlled conditions with 
those obtained in the insectary where there was no control of the 
atmospheric conditions. 


• A. k. Whlteraft, laboratory mechanic, supervieed the construction of this chamber an?l installed the 
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In the exp(M*i!nents in the eontrollcd <’hainber the ea^es were 
nmintaine('^ at a temperature of 90° F. and 90 [lereent relative 
humidity and were illuminated eonstantly throughout the period of 
observation. Beetles were collected from unsprayed foliage in the 
field. Fifty were pla(‘ed in each of three cages with sinartweed that 
had been sprayed with lead arsenate (4 pounds to 50 gallons of 
wuiter), the same number were placed in three cages with unsprayed 
sinartweed, and the lieetles in a third grou[) were confined in three 
cages without food. Three exjieriinents were conducted during the 
season, with a total of 1,350 beetles. The numlier of beetles sur¬ 
viving in each cage w as recorded every day for 4 days. At the end 
of the season the maximum, minimum, and average mortalities of 
the nine groujis of 50 beetles confined with sprayed foliage and also 
of those *(‘onfined without food were determined for each 24-hour 
period of observation according to the previously stated formula. 
Th<'s(» data are given in table 3 and figure 2. 

Tarlk It.- Mortnhty of Japanese beetles when confined in glass cages in the con¬ 
trolled chamber with foliage sprayed with lead aisenate and when confined in 
cages without food 


Mortality of bwtles 

IVnoti of obs^irxatiori (<la\‘') , Confhu'd with spraytMl foliapp Confined vsithoiit food 




MjiMTmiin 1 

Miniimiin 

\ \ ei ugo 

MHMinmn j 

Minimum ! 

A veriigo 



1 

i /'(rant , 

1 

Ptrernt 

P( ret rif ‘ 

t^trcfut ' 

PtTcent 

Ptruiit 

1 


. , ! H 5 

U 0 1 

9 2 , 

2 0 

0 ' 

] 0 

2 


27 

1 ' 

Ifi f. 

0 

0 

0 

A 

• 

hf 5 ; 

57 0 

(A 0 1 

2h 9 ' 

17 S 

0 

1 


l(N) 0 

97 4 

0 ' 

()0 5 ! 

3S (> 

fS H 


Th(' r(‘sults obtained under controlled conditions were compared 
with those obtained under uncontrolled conditions in the insectary 
(ttible 2 and figure 2). It was found that the difference between the 
maximum and the minimum mortality at a given period was decreased 
considerably by conducting the experiments imtfer controlled condi¬ 
tions. Wfiereas the difference between the maximum and the mini¬ 
mum mortality of beetles confined with sprayed plants in the insectary 
was b |)ercent on the first day, 51 percent on the seeond dav, 99 per¬ 
cent on the third day, 92.8 percent on the fourth day, and 75 percent 
on the fifth day, these differences w^ere reduced to 0.5, 21.5, 6.5, and 
2.6 percent, respectively, under controlled conditions. The maximum 
mortalities for the different periods under insectary conditions, when 
the temperature was high, compared favorably with those obtained in 
the controlled chamber. It was therefore believed that, if the 
experimental conditions in the insectary could have been maintained 
close to those at which these maximum mortalities were obtained, the 
results would have been in close agreement with those obtained in the 
controlled chamber. 

When beetles w^ere confined without food, the difference between 
the maximum and the minimum mortality was greatly reduced under 
controlled conditions (tables 2 and 3). In the insectary the difference 
between the maximum*and minimum mortality was 20 percent on^the 
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first day, 50 percent on the second day, and 100 percent on and after 
the third day. In the controlled chamber these diffepences were 
reduced to 2, 0, 10.8, and 21.9 percent, respectively. The death 
rate of the beetles confined without food in the controlled chamber, 
while not so high as that under insectary conditions, is, however, 
higher than is desired in a test of this type. 

In view of the fact that the beetles consumed about 20 percent of 
the foliage sprayed with lead arsenate under controlled conditions, the 
mortality due to starvation probably had little influence on the n'sults. 
It is possible, however, to spray the foliage with a material tJiat will 
repel the beetles and prevent them from feeding. In sucli a ease the 
mortality due to starvation becomes an important factor. It was 
considered desirable, before testing materials as stomach-poison 
insecticides by this method, to expedite, if possible, the feeding of 

S££rj.£S A^or sz>^/ey££> S££rL££^ S7yp^/<£z^ 





AfO/^7XL/7^y H A70£rxL/ry 

FioruK 6. - Mortality of .lapauese beetles placed in a controlled chamber with sprayed foliai^e inimediateJ> 
after collecting and after lading star^ed for 11 to C hours 

the beetles on sprayed foliage and thus increase the death rate to 
reduce the factor of starvation to a minimum. 

EXPEDITING INSECTICIDAL TESTS IN THE CONTROLLED 

CHAMBER 

Beetles collected in the field and placed directly in cages did not 
gather on the foliage in maximum numbers until 20 to 24 hours after 
the test was begun. It was obvious that, if beetles could be induced 
to feed on the foliage in large numbers in a vshorter time, the death 
rate of those (‘onfined with sprayed foliage might be expedited. 
Starving beetles for 3 to 6 hours before placing them in tMe test cages 
so stimulated their search for food that 75 to 80 percent gathered on 
the foliage within 9 hours. 

Starved and unstarvod beetles were placed in cages with plants 
sprayed with lead arsenate (4 pounds to 50 gallbns of waterin cages 


















Jan. 15,1934 Cage MetliAxlfor Testing Stotimch-Pomn Iimctkides 127 

with unsprayed plants, and in cages without food lo determine the 
effect of withholding food from the beetles for this period. The 
number of beetles used was 3,750, from 50 to 400 being used in each 
test. The percentage mortality of the beetles was determined in the 
usual manner. The results are given in table 4 and presented 
graphically in figure 6. With sprayed foliage practically complete 
mortality of the starved beetles was obtained in 2 days, whereas 4 
days was recpiired with beetles directly from the field. Starving 
beetles for a short time before using them in insecticide tests makes it 
possible to complete an e.vperiinent in half the time requii’ed witli 
unstnrved beetles. When (ronfined without food for 2 days, the death 
rate of both the starved beetles and those directly from the field was 
so low as to be of negligible importance in insecticide tests. 

T\ble 4. Efff'cl of sfarnng Japanese beetles on their mortality when confined in 
rages with sprayed foliage and when confined without food 

]Vf or tall ty of beetles directly from fipM | Mortality of beetles starved to 0 hour.s 


(’onfined with ('onflncd without Confined with Confined without 
Time (days; sjirayed folidt^e food sprayed foliage food 



NUMBER OF BEETLES REQUIRED FOR A SATISFACTORY TEST 


The nujuber of insects used in a test with a stomach-poison insecti¬ 
cide is often taken as an indication of the reliability of the data. Jt is 
desirable to use as many individuals as possible in testing a material 
without making the method cumbemome. In order to determine the 
consistency of the data obtained with different numbers of beetles, 
groups of 50, 200, 400, and 500 that had been starved for 3 hours were 
placed in cages with plants that had been sprayed with lead arsenate. 
The maximum, minimum, and average mortality of these groups was 
determined at the end of 48 hours. 

The results (table 5) indicate that the number of individuals makes 
little difference in the averap mortality, provided that, when a small 
number are used, the experiment is repealed several times. The dif¬ 
ference between the maximum and the minimum mortality did not 
change appreciably until 500 beetles were used as a unit. A group of 
200 is a convenient unit for tests with the, Japanese beetle, and this 
number is recommended as a standard unit for stomach-poison tests 
with this insejct. 
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Table 0,- -Effect of concerUration of lead armmate sprayed on foliage on the mortality 
* arid the extent of feeding of Japanese beetles 
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« 2fK) he«*tU'.s wore in ivich cnnf* 

''Pho iivoraj^itv jnortalily iiicroased with tho iiu roinent in tlie (‘oiicen- 
tration of h^ad arsonate. At the end of 24 hours there was 25.9 percent 
difference in rnorfality between the hi^h and the low concentrations, 
but after 4S hours the difference was only 7.h percent. The indications 
are that if the experinient had been continued for a longer period 
tfiere would have been no difference. 

We may conclude from these data that the Japanese beetle continues 
to feed on foliage sprayed with lead apenate until it feels the effect of 
the arsenic, and that the final mortality is practically independent of 
the quantity of arsenical residue on the foliage, lii order to protect 
the plants, however, it is desirable that this residue be siifPicient to 
affect the beetle before it (*onsumes much of the foliage. 

SUMMARY AND CONCLUSIONS 

T(*stiiig the effectiv(‘riess of stomach-poison insecticides against the 
Jaj)am'se beetle in wire cages, witlunit control of environmental 
conditions, is not a satisfactory procedure, because of the variation in 
the temperature, relative humidity, and light, and because the beetle 
sj)ends a large part of the time on the wire of the cage attemf)tmg to 
escape. A s])ecial glass (rage has therefore been developed in wiiich 
there are no resting places at the top or sides and the beetle is attracted 
to the plants. 

Comparable results have been obtained in successive tests with the 
same materials at a temperature of 85° to 90° F. and a relative humid¬ 
ity of 90 to 95 percent, under artificial yellow light of an intensity of 
S5 candle-meters. 

A group of 200 individuals is a convenient unit for conducting 
stomach-poison insecticide tests with the Jai)anese beetle. 

The results obtained wdth commercial acid lead arsenate by this 
procedure confirm the conedusion that tliis compound is an effective 
stomach-poison insecticide against the Japanese beetle. The concen¬ 
tration of th^ arsenical governs the extent of feeding on the foliage 
and for a certain period the mortality of the beetles, but at the end of 
this period mortality is independent of the lead arsenate concentration. 
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FROG-EYE (CERCOSPORA DIAZU MIURA) ON STEMS, 
PODS, AND SEEDS OF SOYBEAN, AND THE RELATION OF 
THESE INFECTIONS TO RECURRENCE OF THE DISEASE* 

By Samuel G. Lehman 

Plant pathologial^ North Carolina Agricultural Experiment Station 
INTRODUCTION 

The l(^af-spottin^ fiin^rus, CercoRpora dmzu Miura, frequently at¬ 
tacks certain varieties of soybean, Soja max (L.) Piper, ^rown in the 
Southern vStates. The name ^^frog-eyc’’ " has been ^^iven to the 
dis(uisc produced by this fungus on the soybean. The first authenti¬ 
cated observ^ations of frog-eye on soybeans in the United States were 
made in 1925, when tfie disease was found in five Soutliern States. 
Announcement of the discovery of the disease in North (.Carolina and 
of the ])robable identity of the causal fungus with Cerconpora diazu 
Miura, prevhkisly described as the cause of a disease of soybean in 
Manchuria and Japan, was first made by Wolf and Lehman ^ in 1926. 
A detailed description of the disease anil of C. diazu with an account 
of the isolation and inoculation tests proving the causal relation of 
the fungus to the disease was published by Lehman ^ in 1928. At 
that time very few lesions had been found on stems and none at all 
on pods. Since then manv infections of the frog-eye disease have 
been observed on pods and stems in a number of plantings. In the 
j)resent papei* the writer recounts briefly the symptoms on stems, 
describes the disease as it appears on infected pods, notes the extent 
and character of seed infection, gives certain data on longevity of the 
causal fungus in culture, ])resents the results of tests showing that the 
disease may overwinter in leaves and steins left in the field following 
a diseased crop, and shows that the disease may be initiated in new 
territory by use of infected seed. 

APPEARANCE OF THE DISEASE ON STEMS 

Stem infections are less numerous and somewhat less conspicuous 
than those on leaves. Typical stem lesions have been observed on 
seedlings growing in large test tubes, but none have been seen on 
seedlings growing in the field. They appear in the field in lar^e num¬ 
bers only in late fall when a considerable (jiiantity of inoculum has 
accumulated on the leaves and the plants are maturing seed. At this 
time tlie steins are ripening and are possibly less resistant to fungal 
invasion than younger stems. Also the low^er air temperature and 
greater abundance of moisture on the plant surfaces at this time of year 
may constitute conditions more favorable for infection than the hotter 
summer days earlier in the season. 

Stem lesions (fig. 1, A) are usually 2 to 4 times as long as broad, the 
greater dimension lying in the direction ai the long axis of the stem. 

> Re(*eived for publication Aug 3, 1933, issued March 1934. 
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F««vhb 1.—A, Stem leatons (yellow filter u*ed m photoffrapbiux) approximately natural swe. The stem of Rreat^t thick- 
Deea had an actual length of 66 mm. Ite color wa» a ripe brown. The Iwilon on this Htom waa 16 mm long and had an 
outer marginal band of reddiah brown, darker than the ripe brown of undmeaued uasue. Within this was a band 

of light brown very little different from undweased tissue in color. The large central area bad been darkened by 
tion of numerous minute stromata. B. Microtome section of stem out through a frog-^e lesion. Not® the darkly 
stained mycelium in the cortex and three minute stromata protruding through the epidermis. X 100. 6, An unarmed 
longitudinal aeotion of a stem lesion. Note the pronounced development of txtyeelium in the cortex and in the phloem 
begmnd the intetwening band of solerenchyma. This seotion was out between the lines of a tangent and a radius, thus 
sfae^aslierenehyma appear excessively thick. D, Lesions produced by infection of Cereotipora dvtgu on soybean pods. 
CoUpMied November 1,10^ 
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Frog-eye, on Sterne, Pods, and Seeds of Soybean 


They frequently spread one fourth to one half the distance around 
the infected stem, but seldom does a single lesion girdle the stem. 
The central portion of the diseased area may be flattened or slightly 
sunken. On very young lesions the whole diseased area is some shade 
of red, or the central portion may be red bordered by a narrow zone 
of dark brown to black beyond which is the normal green of the undis¬ 
eased tissue. As the lesion enlarges, the central area loses its red 
color, becoming brown, then pale smoke gray. There may or may 
not remain a narrow intervening band of red between the gray central 
area and the dark-brown outer zone. Minute black stromata, some¬ 
times bearing conidiophores with conidia, arc often visible in large 
numbers in tlie gray centers of old lesions. wSometimes dark-colored 
mycelium develops so abundantly as to cause the entire surface of 
older lesions to become black. 

wSections cut through diseased areas on stems show an abundance 
of mycelium in the cortical tissue (fig, 1, Jij C), Mycelium is prev¬ 
alent in the cortical region including the endodermis. It tends to 
develop in strands of two to several hyphae, which grow more often 
in the intercellular spaces than through the colls, llyphae aggregate 
in the form of minute stromata at numerous places within or imme¬ 
diately beneath the epidermis. These rupture the overlying cell 
membrane and extrude as black bodies of pin-point dimensions 
(fig. 1, /i). A more or less continuous flattened stroma tic develop¬ 
ment is sliown in ligure 1, C. Just within the endodermis is a layer 
of sclerenchyma fibers constituting the outer portion of the pericycle. 
Only rarely are hyphae found in the lumina of sclerenchyma cells or 
Ixdween them. Sometimes the fungus passes through the scleren- 
cliyma and permeates the thin-walled parenchyma of the pericycle 
and the adjacent phloem and cambium. This passage is made by’ 
way of occasional thin-walled cells which separate the several flat¬ 
tened bundles of thick-w alled cells constituting the all-but-continuous 
band of sclerenchyma under the cortex. More often than otherwise 
the fungus fails to cross the sclerenchyma. Even then, however, the 
cells of the i)hloem and cambium lying beneath the invaded cortex 
are usually found moribund or completely disorganized. Presum¬ 
ably, harmful substances excreted by the fungus growing in the cortex 
or by-products of the reaction betw^een the fungus and cortical cells 
diffuse through the sclerenchyma and kill tissues beyond reach of the 
fungus itself. Likewise, in the cortex the nomial condition and the 
staining reaction of the host cells at the margin of a given lesion are 
changed for a considerable distance beyond the area actually invaded 
by hyphae, 

LESIONS ON PODS 

Lesions have been seen in large numb^.rs on pods of only one variety, 
the Otootan. This variety does not begin setting pods imtil late in 
the growing season, hence pod infections do not become evident until 
late fall. An earlier fruiting variety, the Laredo, is approximately 
equal to Otootan in susceptibility of foliage, but comparatively few’ 
I)od lesions'have been found on heavily diseased Laredo plants. This 
variety matures 30 days earlier than Otootan and at a time when aii* 
teinperatures are high and relatively little dew’ accumulates on plants. 
It is thought that the differences in temperature and humidity, 
particularly the length of time atmospheric moisture persists on the 
plants as dew at the time the pods are developing^nd maturing,* may 
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account for this observed difference in the amount of disease found on 
pods of these two varieties. This belief is supported by the observa¬ 
tion that on Otootan the first-formed pods are relatively free of disease 
as compared with pods formed a week or 10 days later^ although many 
sporulating lesions have long been present on the foliage of the same 
plants. Usually pod lesions do not become much in evidence until 
pathological defoliation is well under way. There is also a marked 
increase in number of caulinc lesions at this time. 

Lesions on pods are usually quite circular (fig. 1, 7>). However, 
those which develop in contact with the dorsal or ventral suture tend 
to enlarge more rapidly along the suture, and those which arise from 
two or more points of infection and coalesce are irregular in outline. 
Single lesions vary in diameter from 1 to 4 mm, and as many as 14 
have been counted on one side of a single pod. Young lesions on 
green pods are brown, often with a tint of red. A uniform brown 
color may persist over the lesion as the spot enlarges, but usually 
lighter colors develop in the center of the spot, so that on dry, ripe 
pods the diseased area is seen as a light-brown or gray spot encircled 
by a narrow dark-brown ring. Thus the so-called frog-eye/^ aspect 
is characteristic of the disease on pods, and to some extent on stems, 
as well as on leaves. 

The surfaces of lesions on pods are usually somewhat sunken 
because of the collapse of the diseased cells beneath. Figure 2, -^1, 
a section at the margin of such a lesion, shows the degree of shrinkage 
in the diseased area. Hyphae advancing within the tissues near the 
margin of a pod lesion arc shown in figure 2, B, Nearer the central 
portion of the lesion, hyphae are much more abundant and tend to 
form dense stromalike aggregates similar to, but usually smaller than, 
those found on stems. 

When pods bearing lesions of the frog-eye disease are opened, the 
discoloration marking the location of the infected area may be seen 
on the inner pod-wall tissues. The pod wall of the soybean is liried 
with a very thin membrane of hyaline cells. This membrane, w hich 
more or less completely invests the seed in each compartment of the 
pod and lies between it and the pod wall, usually comes free of the 
seed, leaving the latter smooth and shining when shelled from ripe 
healthy pods. In diseased pods the portion of this rnembrance wdiich 
lies between a lesion and the seed coat often does not shed off from 
the seed, but clings to the seed coat, marking the point w here the seed 
came in contact with the diseased portion of the pod wall (fig. 2, 7>). 
This serves as a means of identifying seeds from diseased pods. It 
is not an infallible sign of seed infection, however, since portions of 
membranes sometimes adhere to seed coats from other causes than 
parasitic invasion. Myceliinn may usually be found by a micro¬ 
scopic examination of the portion of this membrane lying beiw^een 
the seed coat and* the diseased tissue of the pod wall. 

Macroscopic examination,of seeds from diseased pods reveals no 
definite lesion or marked discoloration. However, there is often 
evident a slight depression in the portion of a seed whic^ developed 
in contact with a pod-w'all lesion, and usually the surface of the seed 
at this place is noticeably lacking in that smoothness and luster char¬ 
acteristic of healthy seed coats. This seed-coat feature, together with 
adhesion of small portions of the white investing membrane referred 
io alcove, appears to be fairly characteristic of*seeds that develop in 




1< hh'RK 2 -.1, Section of pod wull at marsin of a froR-eye lesion showing sunken character of lesion due to 
shrinkage of diseased tissue H, Mycelium in iliseased tissues near the rnarpin of a pod-wall lesion 
X OOa f, Uyphae of the fro^-eye fungus in the thin wdnte ineiuhrane which lines the pod wall In' 
threshing, this membrane parts from seeds which have ripened normnllv, leaving them smooth and shinv 
hut portions of it frequently adhere to seed coats at the places where tliey develoiied in contact with poil- 

wali lesions XWl) * ..—j.- . , . . , . . t 

Portions of the pod-i 
high lights on some 0 

Sion which often marks the place wlfere tSe seed lirin rontacFwith V’li^d-waTlesTon 
dis3as?d pod-.wall lining has Stuck to this seed. Actuallength of seed 6 mm. 
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contact witR pod-wall lesions and may be of some value as a criterion 
in estimating the amount of infection in different lots of seed. Figure 
2, 7> shows a group of seeds that developed in direct contact with 
diseased areas of the pod wall. The place of contact is indicated either 
by a depression in the seed coat, or l)y the adhesion of portions of the 
thin white membrane, or by both. Figure 2, Ff shows a single seed 
enlarged four and one half diameters to give a better view of the seed- 
coat depression. Macroscopic examination of the portions of the 
enibryo lying in contact with the depressed portions of the seed coat 
gives no indication tliat the frog-eye fungus has penetrated embryonic 
tissues. 

ISOLATIONS 

Conidiophores and conidia are often seen on pod-wall lesions. In 
size and shape these are like those of Cercospora diazu that develo]) 
on leaf and stem lesions. A number of isolations have been made 
from both stem and pod-wall lesions. The usual procedure has been 
to wash the diseased portion in tap w^ater, dip momentarily into 95- 
percent alcohol, immerse 40 to 60 seconds in 1:1,000 menuiric chloride 
solution, then plant the tissue on plain acidified agar. Nearly all the 
lesions tested in this way yielded a Cerco,^por(ty many times in pure 
culture, but often mixed with other fungi, chiefly Pen!cillium, Alters 
nariay and Colletotrichurn. The Cercospora isolated from stem and ])od 
lesions ])rovcd to be morphologically like the strains of C. dizau pn'- 
viously isolated from lesions on leaves.^ The pathogenicity of the 
strains of Cercospora isolated from stems and pods was tested by 
inoculations on soybean leaves and pods in the greenhouse. These 
tests are described in a later paragraph. 

SEED INFECTION 

As ])reviously noted, pod-wall lesions often lie in direct conia(‘t 
wdth seeds within the diseased pods. No open lesions are visibh^ on 
the seed itself, there being at most only a slight depression or rough¬ 
ening of the seed coat at the place of contact with the diseased pod 
wrall. Notwithstanding this lack of any conspicuous sign of infection, 
it seemed probable that seed infection might have occurred. Accord¬ 
ingly, tests were made to determine if the fungus had entered the 
seeds. In these tests, pods bearing well-<leveloped lesions were selected 
and only those seeds that lay in contact with pod-wall lesions were 
used, 'the pods w'ere washed under the tap, immersed in alcohol for 
a few moments, removed to mercuric chloride solution, 1:1,000, for 
1 to 2 minutes, and finally rinsed in sterile w^ater. The pods were 
then opened, and the seeds renioved with sterile implements and 
placed on agar media. .In certain tests a supplementary disinfection 
was given the seeds after removal from the pods. Table 1 gives the 
results of these t^ts. 

The results of tests 1, 2, and 3 showr that the frog-eye fungus had 
passed through the pod wall and had made intimate contact with a 
high proportion of the seeds selected. Test 3, in which seed coats 
and embryo were tested separately, indicates that the fungus may have 
been present on, or in the embryo of, at least one seed. However, 
since in this test the seed itself w^as given no disinfective treatment, 
there remains the possibility that, in the operation of removing the 

»W^x.F, F. A., and Lehman. S. G. (See footnote 3.) 
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seed coat, mycelium was transferred mechanically from the seed coat 
to the embryo. The treatments with alcohol and mercuric chloride 
iu tests 4 and 5 reduced the recoveries of the fungus to 1 seed in 11 
and 1 in 10, respectively. These tests indicate that the frog-eye fungus 
lies on or near the surface of infected seeds but may occasionally 
]>enetrate to the embryo. Additional evidence of internal infection 
of seeds will be presented in connection vdth certain seed-treatment 
tests described in the following paragraphs. 

Table 1. - Proportion of seeds yielding Cercospora when taken from diseased pods 


Treatment mveii see»ls after iem()\nl from <li.sinfecte<l i»o(l.s 


1 i None - -- - 

2 I Do- y.... -- - . ... 

.1 I Do- . - - ----- . 

4 j y.*) percent alcohol .seconds, HsCh, 1 1,000, \t> M) seconds, sterile 
' water, 3 clianjjes. 

Ti j fiO ]»crc<'nt alcohol 20 secomls, Uu('I:, 1 l,0(M), 40 seconds, sterile 
N^ciU^r, t chanties 


•* Seed coats not separated fioni enll)^^os, jdanled with coats intact 


Total 

se-eds 


Number of seeds 
infected 


(4n seed ' In 
coal ' embryo 


(-1 

(") 


Table 2.- Proportion of seeds yielding Cercospora after harvest from infested field 
and following certain treatments 

lOermiuated in large test tubes on plain I percent agar containing 0.2 jiercent of sugar, seed of Dtootan 

harvested October 1928! 


j 

Test Lot ! 


('lasMtlcation ' 


1 Strornrly dis- 
I eased 

2 : do 

1 j DiseastMl., 


—do. . 
do-- . 
do — 


do-, 

-do 


. -do. 

. - do_ . 

_do. 

Not diseased. 


Treatment 


70-perc*ent alcohol « minute."., waslied through f brr 
sterile water, 3 changes. 

None_ __ -- _ -- _ 

70-i)eroent alcohol 1 minute, sterile water, 3 
changes. 

IlgCl'i, 1-1,000, 10 nuuutes, sterile water, 3 
changes 

70-perceni alcohol 1 minute; UgCb, 1 1,(X)0. 

10 minutes; sterile water, 3 changes. 

40-percent formaldehyde, i part in 320 parts 
water, 60 minutes, sterile water, 3 changes 

None....... 

ilgCla, 1:1,000, 60 minutes, sterile water, 3 
changes. 

70-perceiit alcohol 1 minute; HgCij, 1:1,000, 

00 minutes; sterUe water, 3 chants. 

Seraesan solution, 0.25 percent, 60 minutes; 

sterile water, 3 changes. \ 

70-porcent alcohol 1 minute; Seraesan solu¬ 
tion 0.25 fierceiit, 60 minutes, sterile water, 

3 changes. 

IlgCb, 1:I,(K)0, 10 minute.s, sterile w-ater, 3 
changes. 
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f All attempt was made to determine if one can by inspection recog¬ 
nize the diseased seeds and determine the probable percentage of 
infestation in a given lot of threshed seed. For4hi8 purpose seed 
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known to have come from an infested field were used. The usual pro¬ 
cedure was to take at random one or more handfuls of seed from the 
bag. This seed was then sorted into two lots, one containing all seed 
judged to be diseased, the other those judged to be disease-free. The 
criterion of infection or contamination was the presence of a dulled, 
slightly roughened, often slightly depressed area on the seed coat. To 
this area a fragment of the thin white pod lining might or iriight not 
be clinging more or less tenaciously. The seed were gernxinated in 
large cotton-plugged test tubes containing plain agar media with 0.2 
percent of sugar. The results of these tests are given in table 2. 

In test 6, 100 seeds which showed the most pronounced evidences 
of disease out of a total of 576 were selected. The frog-eye fungus 
grew from 14 percent of the seeds whicJi had been given the alcohol 
treatment. The untreated seeds of lot 2 w^ere to all appearances 
equally as badly diseased as those of lot 1, but the frog-eye fungus 
appeared on only 2 percent of them when put to germinate although 
they had been given no jireliminary disinfection. This unexpected 
result was probably due to the suppression of the comptfrativcly slow' 
growdng frog-eye fungus by the heavy cultures of contaminating 
fungi in the tubes of Tot 2. A much higher percentage of the tubes 
was contaminated in lot 2 than in lot 1 a.s was to be expected since 
lot 2 had received no treatment wdth a disinfectant. 

The random sample taken for test 7 contained 2,138 seeds. When 
this sample was sorted, 286 seeds, or 13.3 percent, were found to 
bear the seed-coat markings taken as evidence of their having conu^ 
from diseased pods. These diseased seeds were then divided into 5 
lots of 50 seeds each and given the treatments indicated in table 2. 
In this test, lots 1, 2, and 3 yielded 6, 10, and 6 percent of diseased 
seed, respectiveljr. The frog-eye fungus was not recovered from the 
seeds, of lot 4 nor from lot 5. Here again failure of the frog-eye fiulgus 
to appear in the untreated lot 5 was probably due to its complete 
suppression in competition with other contaminating fungi and 
bacteria. In lot 4 both the inhibiting action of contaminating 
organisms and the toxic action of formaldehyde may have operated 
to prevent the appearance of the frog-eye fungus. Judged by the 
high percentage of tubes infested by contaminating organisms, the 
formaldehyde treatment was not an effective seed treatment, yet its 
action of formaldehyde may account for failure of the frog-eye fungus 
in the uncontaminated tubes. 

In tost 8 a random sample containing 2,080 seeds was taken. Of 
these, 13.1 percent, or 273 seeds, showed the seed-coat symptoms, 
indicating that they had come from diseased pods. Four lots of 50 
seeds each were taken from the diseased seeds. As indicated in table 
2, the diseased seed were given somewhat more severe treatments 
than in previous tests in order to determine if the fungus might be 
inactivated in all the diseased seeds. Lot 1 was soaked in 1; 1,000 
HgClj solution for 60 minuses, lot 3 in 0.25 percent Semesan solution 
for 60 minutes, and lots 2 and 4 were given a 1-minute soaking in 70- 
percent alcohol preliminary to tlie 60-minute soaking in ^he mercuric 
chloride or Semesan solution. The frog-eye fungus grew from 4, 4, 
6, and 2 percent of the seeds in lots 1, 2, 3, and 4, respectively. Lot 
5 consisted of 50 seeds from the undiseased portion of this seed sample.., 
This lot was also treated with mercuric chlpride solution to check 
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development of contaminating fungi in the germination tubes. Frog- 
eye fungus was not obtained from any seed in this lot. 

The results of the seed-treatment tests show that it is possible to 
determine by inspection whether or not any considerable proportion 
of the ])ods from whi(*h the seeds came were infected with frog-eye. 
llowever, the* percentage (»f threshed seeds from whi(di the frog-eye 
fungus has been recovered in these tests has been low. For example, 
in test 7 (table 2), 13.percent of a sample taken at random were 
judged by inspection to be diseased. Jn the germination test only 6 
percent of the seeds in lots 1 and 3 and 10 percent in lot 2 produced 
(‘ultures of the frog-eye fungus. This is ecjiiivalent to only 3.85 percent 
of the 280 seeds selected as obviously diseased. P^vidently this low 
percentage of recovery of the frog-eye fungus is due to the use of 
the seed disinfectant before putting the seed to germinate and does 
not mean that the criteria used in identifying diseased seeds are un¬ 
trustworthy. This explanation is supported by the results given in 
table 1. In tests 1, 2, and 3, the seeds themselves were given no dis¬ 
infecting treatment but were taken from the interior of diseased pods 
which had been treated with disinf(‘ctants before opening. Cercospora 
diazu grew from an average of 81.8 percent of these seeds. On the 
other hand, this fungus grew’ from less than II) percent of the seeds 
in tests 4 and 5, in wdiich the seeds were taken from beneath pod-w^all 
lesions but were treated before being put to germinate. The use of 
the disinfectant not only more or less elfectively controls contaminating 
fungi l)ut also kills the frog-eye fungus on a considerable proportion 
of the seeds. 

It is desiral)le to make germination tests on agar media. The seed 
sprout well on moist cotton or other nonnutrient media, but here 
the fungus on many seeds does not find enough nutriment in the seed- 
coat tissues to permit development to a point wdiere it can be identi- 
lied. On the other hand, this fungus often grows wliere the infected 
seed has come in contact, even though only momentaril}^ with moist 
agar when it does not develop on the seed coat. When seeds can be 
taken directly from pods the agar tube method gives satisfactory 
results; but when threshed seeds arc used, contaminating organisms 
so overgrow and suppress the slow\growing frog-eye fimgus as to 
make satisfa(*.tory results with this method impossible. The use of 
nutrient agar as the medium of germination makes it necessary that 
the seeds be given a preliminary treatment with a surface disinfectant 
to suppress contaminating organisms, and this in turn undoubtedly 
destroys the frog-eye fungus on that i)ortion of the seeds that are 
only superficially infected. The infection percentages obtained by 
this method of seed testing must be taken to I'epresent only a small 
fraction of the seeds with which the frog-eye fungus is in intimate 
contact. The seed tests indicate that in a relatively large percentage 
of the seeds the infection is so superficial aslto be killed by disinfectants. 
This infection is real, however, and may initiate disease when im- 
treated seed are planted. Experience indicates that w’here as many 
as 10 percent of the seeds show visible marks of disease practically 
100 percent of the leaves of the plants from w’^hich the seed came 
"^ere infected, each with numerous lesions. 

j The tests recorded in table 2 constitute additional evidence of the 
■^nature of seed infection^ Such severe treatments as 70-percent alcohol 
for 1 minute followed by soaking in 1:1,000 solution of mercnric 



140 Jourrml of Agricultural Research Voi. 48 , no. 2 


chloride for 10 and 60 minutes, and by 0.25 percent Semesan for 60 
minutes failed to eradicate the disease. The fungus in a small per¬ 
centage of the seeds is evidently located deep within the seed-coat 
tissues, between the seed coat and embryo, or actually in the tissues 
of the embryo. Tests 3, 4, and 5 indicate that penetration of embryo 
tissues occurs in only a very small percentage of cases, if at all. 

INOCULATIONS 

U})on the discovery of frog-eye disease on stems, pods, and seeds, 
and the subsequent isolation of Cercospora diazu therefrom, it seemed 
desirable to use these isolants in the production of the frog-e^ye dis¬ 
ease on leaves, and, conversely, to use isolants from leaf lesions in 
the production of the disease on pods and seeds. Accordingly a 
number of inoculation trials were made. The first of these were 
made with cultures isolated from seeds and j>od-vvall lesions on the 
unifoliate leaves of Otootan seedlings. The inoculations were niach* 
by rubbing the fruiting s\irface of the fungus colonies growing in 
Petri dishes over the surface of the leaf. This was done gently so as 
to sow the leaf surface with conidia but leave little or no mycelium 
thereon. One unifoliate leaf of the pair on each plant was imxnilated, 
the other of the pair ])eiug left as a (‘heck. The inoculated ])lants 
were kept in a humid atmosphere under Ixdl jars for 3 days, after 
which time the bell jars were removed. All leaves, 4 in number, 
thus inoculated with isolants from pod-wall h^sions, and all leaves, 8 
in number, inoculated with isolants from seeds j)rodueed numerous 
lesions typical of those caused by the frog-eye disease on leaves in 
the fiidd. By the end of 20 days from the date of inoculation sonu* 
of the inoculated leaves were l)e(*.oming chlorotic and were dying from 
the large number, of lesions. The uninoculatiHl ch(X‘k leaves, pairexl 
on each j)lant with inoculated leaves, were healthy, gre'en, and 
larger than the corresponding inoculated leaves. 

In another test, inoculation with cultures isolated from j)od-wall 
lesions were made on several leaves of a large plant of the Biloxi 
while uninoculated leaves remained healthy. Successful reisolations 
variety. Typical frog-eye spotis dev^cdoped on the inoculated leaves, 
by approved methods were (htainod from 7 out of 9 Ic'sions taken 
from the inoculated leaves. 

In a third test, a culture isolated from leaves and another isolated 
from stems were used in inoculating pods, stems, and leaves. A 
spore suspension was made by washing the surface of a tube culture 
with 5 C(‘. of tap water. This was then applied to the parts inoculated 
by gentle rubbing with the fingers. Check plants were rubbed in 
the same manner, only tap water being used for this purpose. At the 
end of 19 days numerous tyjiical lesions were present on leaves inocu¬ 
lated by spore, suspension^ from each of the cultures, while check 
plants growing in the same/pots remained free of disease. No pod or 
stem lesions had developed by the twenty-third day, but slightly mon' 
than half the inoculated pods had died. Since this had also occurred 
on the check plants the (lying of these parts was taken to be due not 
to disease but to irnuiy in the operation of inoculating or to ineffec¬ 
tual pollination. When the plants were examined again 8 days later,^ 
0 out of 17 of the remaining ino<julated pods bore disease spots faintly 
or*closely resembling those on infected pods'in the field,, while pods 
on check plants remained free of disease. 
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The diseased pods produced by the artificial inoculations described 
were used in reisolation tests. The pods were dipped for 10 to 15 
seconds in 95-percent alcohol, then for 1 minute in 1:1,000 mercuric 
chloride, and finally rinsed in sterile water. The lesions were cut 
out and placed on potato agar. Also a number of the seeds which 
lay directly beneath pod lesions were removed with sterile imple¬ 
ments and without further sterilization placed on nutrient agar in 
test tubes. Cercospora diazv was obtained from 9 of the 14 pod-wrall 
lesions used. The plates in which the remaining 5 pod-wall lesions 
were planted became overgrown with Rhizopus sp. before the frog- 
eye fungus had time to develop in them. Three of eight seeds taken 
from these artificially inoculated pods yielded cultures of the frog- 
eye fungus. The mycelium of the fungus was quite insecurely at¬ 
tached to the seed coats, for colonies of the frog-eye fungus arose not 
only on the seed coats but also at several jfiaces where the infected 
seed touched the surface of the nutrient medium in rolling down the 
slope of th(' aKar slant in the tubes used. 

LONGEVITY OF THE FROG-EYE FUNGUS 

In a pre\ious paperthe author pointed out that conidia of the 
frog-eye fungus cjui survive long periods of storage in an air-dry con¬ 
dition, It was shown that a small proportion of the conidia were 
still viable when taken from leaves which had been kejjt dry in the 
laboratory for 94 days from the date of collection. Observations not 
previously reported show' that the nivceliiim of the frog-eye fungus 
is also very long-lived in culture media. In making transfers of the 
fungus, old cultures have at various times been used. The usual 
proc(‘dur<' in making new' cultures w'as to transfer a small quantity 
of rhycelium and such spores as might be present either from the sur¬ 
face or (ulge of the old colony to fresh media. On one occasion trans¬ 
fers were made in this way from cultures which had been for 395 days 
on potato-glucose agar in tubes of 18 min internal diameter. After 
t he lapse of several days t hese transfers showed no evidence of growth. 
The entire quantity of substratum and mycelium of the old cultures 
w as then removed and jiressed into fresh potato-glucose agar in tubes. 
When transfers of the old cultures, now' 405 days old, were made in 
this way, 9 of 10 cultures were found to be viable. At the time these 
transfers were made the old cultures were to all appearances thor¬ 
oughly air-dry and occupied only a small fraction of their original 
volume. The cultures usually attain this air-dry condition in the 
course of 120 to 180 days. Table 3 shows the results of this and 
other tests of a similar nature. The frog-eye fungus has been found 
still viable in cultures as old as 493, 502, and 519 days. Three cul¬ 
tures which had reached an age of 9191days, and 15 wdiich ranged 
from 979 to 1,731 days could not bo reviwd by the method used here. 
The hot-agar method described by Pova\ ^ was used without success 
on five cultures ranging in age from 1,001 to 1,768 days. Apparently 
under the (jonditions of this test the frog-eye fungus wall live on 
potato-glucose agar, and perhaps also on cooked rice, as long as, or 
longer than 519 days, but not so long as 919. It is judged that during 
approximately 400 of the 519 days the fungus remained alive, the 
substratum in which fungus was embedded contained only such 

« Lehman, S.'G. See footnote 2 . * 

• POVAH, A, N0TE$ WON HiSViviNG OLD CULTURES. Mycologia 19: 317-;ii9 1927. 
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meager quantities of water as ooiild be held against evaporation in 
the dry air of the laboratory. It seems probable that the fungus 
might live equally long in diseased leaf and stem tissues constituting 
the debris left from a diseased crop. 


T.4.BLE 3. —Longevity of Cercoapora diazu in culture 
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OVERWINTERING OR SEASONAL SURVIVAL ON INFECTED 
LEAVES AND STEMS 

Observations made early in the writer's exporien(*e with fro^-eye of 
soybean gave rise to the belief that the causal fungus could survive 
from one growing season till the next on debris left in the held from 
a previous diseased crop. To test this hypothesis, diseased leaves 
were collected in the fall and stored out of doors in wire baskets. 
These were examined at various times during the winter l-o deterinim' 
if the frog-eye fungus was still alive. On February 27, many conidia 
and conidiophoretj were present on the frog-eye spots on these leave's. 
The conidiophores were standing in large fascicles and a])peared to be 
growing. WIk'ii put to germinate in tap water at room temperature, 
many of the conidia produced 1, 2, and 3 long germ tubes overnight. 
The stored material was examined again on May 2. Decay had pro¬ 
gressed so far that the leaves could not be handled without breaking 
apart. However, conidia of Ce^cospora diazu could still be found in 
small numbers, and these appeared to be in a viable condition capable 
of germination and infection if transferred by wind or other agency to 
living leaves. 

The overwintering of the soybean frog-eye disease on diseased leaves 
was further tested in the following way: In October 1928 approxi¬ 
mately a bushel of diseased leaves were gathered up from the ground 
beneath soybean plants. These leaves were stored in an orange crate 
out of doors under some tall shrubbery. On August 20 of the follow¬ 
ing year, seed of the Otoota^ variety of soybean were sowed in a gar¬ 
den in which soybeans had Lot growm in many years and which was 
nearly 1 mile from the near^t soybean field. The seed used in sowing 
this garden were harvested the previous season from a variety plot 
that had been inspected and observed to be free of frog-eye. When 
the seed was sowed on August 20, the overwintered diseased leaves 
were scattered about over a part of the bed. Although occasional/ 
light rains occurred, the weather remained comparatively dry and*, 
was not judged to be particularly favorable for development of fungi 
in the diseased leaves lying on the ground where they were subject to 
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rather rapid drying in the hot suiiiinor days. (Conditions for sporula- 
tion of the parasite on the old leaves became more favorable, however, 
after the seedlings developed sufficient foliage to shade the ground. 
The first lesions were found on September 26. These were on the 
lower foliage on the part of the bed over which the diseased leaves 
had been scattered. Later the disease spread to all parts of the bed. 

There still remains the possibility that in this test the plants became 
infected from wind-blown spores from a diseased field approximately 
I mile away. This seems improbable, however, in view of the follow¬ 
ing facts: (1) The disease appeared first on the part of the bed to 
which the overwintered leaves had been ap})lied; (2) the disease did 
not appear on the varieties Herman and Virginia which had been 
growing for a imich longer period in an adjoining garden; and (3) the 
disease accumulated comparatively less rapidly in Otootans grow¬ 
ing for the entire season less than one tenth mile from the field in 
which s])ores were being produced, and between it and the garden in 
which this tj^st was made. It is highly probable that the diseased 
leaves saved from the ])revious season served as the source of inoculum 
for the beans in the garden test. 

On March 2() an examination was made of old stems and pods left 
in the fu'ld aft('r the harA^est of a diseased crop of Otootan soybeans 
in the previous fall, (\jnidia were readily found on old lesions on both 
pods and stems. The conidiophores were present in clusters of several 
to many short individuals. Most of them had at that time formed 
only one conidium, but many of them were growing forward as they 
chara(‘teristically do before the formation of a second conidium. In 
size, sliape, and septation the conidia found on these overwintered 
lesions w ere like those previously observed on diseased leaves. At this 
tinie numerous soybean seedlings were coming up in this field from 
seed w liich had fallen to the ground when the beans w^ere harvested in 
the fall. Some of these had unfolded their first leaves—the iinifoliate 
l)air. No lesions could be found on these leaves at this time—March 
2 t)" but when the field was examined 2 weeks later young frog-eye 
lesions woro present on leaves of approximately 0.5 percent of the 
seedlings. Later observations could not be made because the field 
w'as plowed up at this time. Doubtless some of these germinating 
seed had come from infected ])ods, and it may be that the infections 
present on the leaves of some of the seedlings arose from primary seed 
infection. How^ever, no seedlings were found, after careful examina¬ 
tion, on wliich there was any evidence, such as growth of the fungus on 
cotyledons, stem, or seed coat, that the leaf infection had arisen from 
seed infection. On the other hand, it seemed far more likely that the 
infection on these seedlings had arisen from conidia produced on over¬ 
wintered debris from the previous diseased crop. 

It of ten happens, that in plowing the sVjybean stubble, the diseased 
sterns are only partly turned under, mWy of them sticking out of 
the soil between furrows. This is likely w occur when the old stems 
are so long as to accumulate under the plow beam and slip out in 
large bundles. In such fields one may often find the frog-eye fungus 
sporulating in late March or early April. Numbers of Volunteer 
p seedlings are also often present that have frog-eye lesions on their 
* first-formed leaves. 

A small field in whi^h a badly diseased crop of soybeans had grown 
in 1928 was divided into two portions that were plowed up at different 
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times. Numerous lesions had been present on leaves, steins, and 
pods. The beans were harvested in late October, the stems, pods, and 
leaves being left on the land. Plot 1 was broken with a turning plow^ 
on December 1 and plot 2 on April 25. In this operation the diseased 
stems, pods, and leaves were turned under, not completely, but 
very much more so than is accomplished in the usual plowing opera¬ 
tion. On May 15 both plots were thoroughly disked and planted, 
Otootan seed from a disease-free field being used. The disking de¬ 
stroyed the volunteer seedlings which had come up previous to plant¬ 
ing on May 15. The beans were planted in rows, and notes on the 
presence of frog-eye were taken from time to time as the season 
advanced. 

The first notes were taken on June 1J, at which time the plants, 
having shed their cotyledons, possessed two fully expanded trifoliate 
leaves in addition to the usual pair of iinifoliate leaves and a third 
folded trifoliate leaf. On plot 1, at this time, it was estimated that 
10 percent of the plants had frog-eye lesions on tlu'ir iinifoliate leaves, 
there being usually 1, but sometimes 2, 3, and 4 spots per individual 
leaf. A single lesion was found on a trifoliate leaf. A very few volun¬ 
teer })laiits had come up tardily between the rows, ap])arently from 
the slow germination of seed having hard coats, but none of thes(‘ 
were diseased. Several scattered plants which obviously had ger¬ 
minated before the land was disked for planting and had not been 
killed by this operation, were present in the plot. These (^ould be 
identified readily by their larger size. Only one of these showed 
frog-eye lesions, "tlm one plant could not have been responsible 
for any considerable proportion of the lesions on th(^ other plants. 
It seems a safe conclusion that the diseavse on most of the plants 
which came from disease-free seed planted on May 15 resulted from 
spores j)roduc(^ on the overwintered debris. 

Plot 2, which had been turned under in April, was separated from 
plot 1 by 20 rows of corn. Careful observation indicated that there 
were not appreciably more plants showing infection of iinifoliate 
leaves on plot 2 than on plot 1. Lesions were found, however, on 
several trifoliate leaves of plot 2, as compared with only one on 
plot 1, but the difference in riumber seemed so meager as to be with¬ 
out significance. Later observations revealed no difference in amount 
of disease on the two plots. By August 15 all plants were infected, 
75 percent of the leaves showing one or more lesions. The test 
demonstrates satisfactorily that the debris from diseased fields may 
harbor the disease till the following spring and that this debris is 
not plowed under suflicieiitly well m the usual farm operations to 
prevent recurrence of the frog-eye disease even though disease-free 
seed is used, 

FROG-EYE FUNGUS ON DISEASED SEED 

The presence of the frog-/ye fungus on and within the seed coat of 
beans taken from diseased pods has been amply demonstrated in 
the foregoing paragraphs. Evidence that the use of disetased seed is 
responsible for the appearance of frog-eye in new fields or new' com¬ 
munities is found in the following tests: Although observations were 
being made over a period of several years in connection with the study 
of other soybean diseases, the frog-eye disease was not seen in the 
^Idr in the vicinity of Raleigh until 1927. In that year, seed of the 
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Biloxi variety, produced in 1926 in a distant part of the State in a 
field known to be infested with frog-eye to a moderate degree, was 
planted at Raleigh. Seed of the Laredo variety likewise obtained 
from a distant part of the State was also planted at Raleigh. A por¬ 
tion of each kind of seed was treated with chemical disinfectants, 
the remaining portion being left untreated as a check on the treat¬ 
ments. Plantings were made May 25. No frog-eye lesions could be 
found on July 6 or August 3. On August 17 a small number of lesions 
were found scattered at irregular distances along the check rows of 
both Biloxi and Laredo, while none was found at this time on rows 
which had been planted to treated seed, although there were 1,900 
feet of treated rows, as compared with 1,000 feet of untreated rows. 
It seems obvious that the disease originated in this field from in¬ 
fected seed. If it had been introduced by means of spores carried 
long distances by the wind, lesions should have been equally prevalent 
on all rows in this test. Observations indicate that, at the early 
date at which the first infections were not.ed in this test, the fungus 
had not prodiiced a sufficient quantity of spore material to account 
for any but the most meager aerial spore population. 

In another test, Otootan seeds harvested from diseased plants and 
lierc designated as lot 1 were planted at one side of a field which had 
been in cotton the previous year. Lot 2, which was planted on the 
opposite side of the field, consisted of Otootan beans from a different 
source, but selected with the expectation that the,y were disease free. 
This planting was visited for taking notes on August 6, approximately 
3 months after the beans had been planted. At that time frog-eye 
was found at scattered locations along the row^s planted with the 
infected seed (lot 1), but none was found on the row^s planted with 
disease-free seed (lot 2). On the plants of lot 1, the lesions were 
rather numerous at a few locations along the rows as one would expect 
if the first secondary infections had residted from the germination of 
diseased seed at these particular places. At these places there were 
many leaves with several spots per leaf, and a majority of the lesions 
were on leaves at the middle or bottom of the plants. Betw een these 
centers of dense infestation there w^as a sparse distribution of lesions 
on upper leaves. These lesions were initiated presumably from spores 
produced at the places of ])rimary seedling infection. Since in this 
test frog-eye occiUTed only on plants from infected seed of lot 1 and 
not on plants from the seed of lot 2 which w^ere ecjually exposed to 
possible wind-borne infection, it is believed that the disease originated 
from fungi carried to the field in the seed of lot 1. 

The exact course taken by the frog-eye fungus in passing from the 
infected seed to the foliage of the plant which grew’ therefrom has 
not been satisfactorily determined. It Jiiight be expected that the 
fungus would grow in and sporulate onVlie tissues of the expanded 
cotyledons of the seedling, the spores pa&Wng from the cotyledon via 
the air to the unifoliate leaves or the st\m and finally to trifoliate 
leaves formed later. However, the writer has never been able to find 
cotyledonary lesions unquestionbly those of the frog-eye fungus on 
plants in the field. Isolations have been made from suspected lesions; 
)|but none has yielded the frog-eye fungus, while little or no difficulty 
Jias ever been experienced in isolating this fungus from leaf, pod, or 
stem infections. Whep infected seed is genninated on agar in test 
tubes, the. fungus often becomes visible only at places where .the 
seed has touched the agar. Usually in test tubes 4he seed coat does 
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not shed off the seed leaves but often clings to one or both of them as 
they are elevated into the air by the elongating hypocotyl. The 
epicotyl may elongate, pushing the plumule out from between the 
cotyledons which are held rather firmly together by the adhering seed 
coat. The frog-eye fungus often grows out and sporulates on the 
surface of infected seed coats held in this position. On a few such 
seedlings in large test tubes the fungus has been observed to fruit first 
on the uplifted seed coat and later to form typical reddish elongated 
lesions on the hypocotyl, presumably as the result of spores dropped 
from the seed coat above. Lesions have been produced on hypocotyls 
by rubbing conidia on them with an inoculating needle. On a f(»w 
seedlings germinating in test tubes the mycelium of the frog-eye fungus 
has been observed to grow" from the seed coat onto the cotyledonarv 
tissue, but it has not exhibited any ability to parasitize these tissues 
to the extent of withdrawing nourishment from and sporulating on 
them. Reasoning from the behavior of the fungus on seedlings 
growing in large test tubes and from the fact that cotyledonary lesions 
have not been identified in the field, one is ted to the assumption that 
in the field the fungus sporulates on the seed coat of infected seeds 
and the spores are then transported from tliere to the tnu' leaves by 
the wind or other agencies. As the cotyledons are pushed upward 
through the soil by the elongating hypocotyl, the seed coat is pulled 
off the great proportion of the seedlings and left in tin* soil. Only a 
small proportion of the seed coats ever come above the ground arid 
attain an elevation where spores formed on them are likely to be 
picked up by wdnd. This circumstance may a(‘(;ount for the observed 
tardiness with wdiich frog-eye arises and the slowness with which 
infestation becomes conspicuous when it originates fi’om diseased 
seed. The writer has observed that field infestation nniclies discernible 
proportions later in the summer when the disease arises from infer ted 
seed than when its source is in debris loft on the field from a. diseased 
crop. The irercentage of infected seeds effective in initiating infer*- 
tions in the new crop is probably greatly reduced by the natural 
stripping off of the seed coat while still m the ground. This is a- 
fortunate circumstance, for, otherwise, field infestations arising as 
they usually do from infected seed would reach harmful proportions 
earlier in the summer and thus result in greater harm to the plants. 

SUMMARY 

Infections by the frog-eye fungus {Cercospora diazu Miura) of soy- 
bean have been observed in large numbers not only on leaves, as 
noted in a previous jiublication, but also on stems, pods, and seeds. 

The causal organism has been isolated from frog-eye lesions on 
leaves, stems, pods, and seeds, and reciprocal inoculations have been 
made. The cultures from/these different sources wore alike, and 
positive infections were oBtained in sufficiently large niunbers to 
justify the conclusion thaf the lesions on leaves, stems, pods, and 
seeds were caused by one and the same species, namely, the frog-eye 
fungus, Cercospora diazu, * 

Cauline lesions appear in abundance only in the late part of the^ 
growing season when stem tissues are ripening. The diseased areas, 
are elongated and may be flattened or slightly sunken. The lesion" 
is soir.e shade of red when young, but changes to brown, then smoke 
gray with age. Black stromata of pin-pomt dimensions^ are often 
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visible in largo numbers on old lesions, and the diseased area may 
become black because of more or less pronounced stroma tic develop¬ 
ment of dark-colored mycelium in the invaded tissue. 

In stem lesions, the mycelium of the parasite grows chiefly in the 
cortex, being confined there by the presence of a pericyclic layer of 
sclerenchyma between cortical and phloem tissues. The phloem and 
cambium are usually damaged, however. Sometimes this is caused 
by actual invasion of these tissues by the fungus, but more often no 
mycelium is present in them, the obvious injury l)eing due presumably 
to diffusion of toxic materials from the necrotic portion of the adjacent 
cortex. 

Pod lesions are usually quite round, somewhat sunken, and vary 
in diameter from 1 to 4 mm. Young lesions on green pods are brown, 
often with a tint of red. A uniform brown color may persist as the 
pod matures, but usually on dry, ripe pods the diseased area appears 
as a light-brown spot encircled by a dark-brown ring. Conidiophores 
and conidia ai;e often present. 

Mycelium grows com])letely through the pod wall entering the thin 
white membrane which lines the pod and closely invests the seeds. 
Portions of this infected membrane often adhere to the seed coat and 
thus serve, but not invariably, to designate the individual seeds which 
are infected. 

No definite lesion or marked discoloration is produced on the por- 
tioTi of the seed coat which develops in contact with a pod-wall lesion. 
Howev(T, there is often at this place a slight depression in the seed 
coat and a lack of the smoothness and luster characteristic of the 
coats of healthy seeds. This roughened, depressed area is a less con¬ 
spicuous but more infallible sign of seed infection than is the presence 
of bits of i)od-wall lining adhering to the seed coat. 

Seed-treatment tests show that the frog-eye fungus makes intimate 
ccmtact with a large proportion of the seeds which develop in touch 
with pod-wall lesions. In a large percentage of such seeds the fungus 
is so superficial as to be killed })y seed disinfectants. It is actually 
in the seed-coat tissues and beyond the reach of disinfectants in a 
relatively few seeds. Infection of the embryo occurs rarely, if at all. 

It is possible by inspection of a given seed lot to determine whether 
or not any considerable proportion of the pods from which the seed 
came were infected. Experience indicates that where as many as 
10 percent of the seeds show signs of the frog-eye disease, practically 
100 percent of the leaves of the plants which produced the seed 
were infected to the extent that considerable defoliation occurred. 

The frog-eye fungus has been found still viable in j)otato-agar test- 
tube cultures 519 days old. 

This fungiis overwinters on diseased leaves and stems. The disease 
was initiated experimentally in an uninfc-sted test plot by scattering 
diseased leaves over the ground. It ha^‘ been observed to develop 
when disease-free seed was sown on land^that bore a diseased crop 
the previous season. Breaking the infested stubble in the fall did 
not prevent or even appreciably retard disease development the next 
season. Diseased stems cannot be turned under sumciently well to 
prevent recurrence of the disease if soybeans follow soybeans without 
an intervening crop. 

The use of diseased seed is a means of introducing the disease into 
new^ fields and new communities. 




VARIETAL DIFFERENCES IN COTTON BOLL SHEDDING AS 
CORRELATED WITH OSMOTIC PRESSURE OF EX¬ 
PRESSED TISSUE FLUIDS^ 

By It. S. Hawkins, nitromnmHl^ S. P. Clark, formerly asmstaui aqronomint^ 

Ceo. If. Sermss, formerly rcmanh in aqromimy, ami Ciias. A. 

Hobart, rvHvdrch asisistant in ugron<jm% Arizona Agrkultaral Experiment 

Station 

INTRODUCTION 

Results iireviously reported “ indicate an inverse relationship be- 
tween the sheddin^f of young cotton bolls of the Acala variety and 
the osmotic pressun^, of the expressed leaf fluids. Low osmotic pres¬ 
sures were found to be followed by high slunlding and relatively 
high osmotic pressures by low .shedding. Anatomical studies of stem 
1 issuers indicated that during periods of low osmotic; pn^ssure plant 
food was use^l largcdy to build vegetative tissues to tlie detriment of 
fruiting parts. (\)nvei‘sc*ly, when osmotic pressures were relatively 
high vegetative growth was depres.sed and fruiting ])arts were sup- 
,])lied witli adequate plant food, resulting in low shedcling. Extremely 
liigh osmotic pressures induced by severe drought were followed 
not only l)> suppnvssc'd vegetative growth but also by intense shed¬ 
ding. 

The lindings previously reported with the Acala variety liave been 
corroborated and additional data obtained on other cotton varieties, 
boll shedding in which does not always respond to osmotic-pressure 
variations in quite* the same manner as in the Acala variety. Varietal 
differences in boll sliedding have been investigated Avith the idea 
that diff'ei’ences between the osmotic pressures in the leaves and in 
the adjoining bolls of the same variety might ac(;ount for heritable 
differences in shedding. If the osmotic pressures were materially 
liigher in the lea\es than in the adjoining bolls the bolls Avould not 
ahvays be able to compete wdth the leaves for the water in the tissue 
fluids, and high shedding would follows It ^\^\s thought that the 
differences in osmotic pressure betAveen leav^es and bolls in the Pima 
variety of cotton, in which shedding is very Ioav, seldom reaching 
more', than 25 or JIO perc(*iit, might be found to be veiy small as com- 
]>ared Avith those in Acala, for example, in Avhich boll shedding often 
reaches 70 or 80 percent. 

' METHODS 

In the first experiment a comparison was made betAveen the Pima 
and Acala varieties in the matter of boll shedding as affected by 
osmotic-pressure difleren(‘es in the tisshe fluids of the leaves ana 
bolls. The plants w^ere growm in 192(5 on adjacent plots at the Salt 
River Valley Experiment Farm and given similar treatment through- 
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out the season. The soil is a fertile clay loam, and excellent 
plant growth was obtained with both varieties. Climatological 
measurements, including atmospheric and soil temperature, rainfall, 
cloudiness, wind movement, and evaporation, were obtained in con> 
nection with another ex]>eriment on w’ater variations in the leaves 
of these two varieties of cotton. These data, together with soil- 
moisture (lata, are recorded elsewhere^ and will not be repeated 
here since this experiment is concerned primarily with differences 
in sliedding as influenced by variations in osmotic j^ressun^ and only 
incidentally >vith the factors that affect changes in osmotic pressure. 

The sheciding behavior of the 2 varieties was as('eriained by daily 
tagging all ffowei's oi\ 25 adjacent plants in each plot and then noting 
the number of tagged bolls that were shed each day. Leaves and day- 
old bolls were collected daily at 8 a.m. from July 28 to Augu.st 25 
for the determinations of osmotic pressure. The leaves used were 
those adjacent to the bolls (‘ollected. Two men made the collections; 
one collected material from the Acala vaihdv while the other made 
parallel colle(dions fiom tlie Pima variety. Sevtm tubes of leaves 
and seven tubes of bolls were collected each day from each variety. 
The tubes were placed in an ice-salt freezing mixtur(‘ within a few 
minutc^s after the daily collections w(‘re cojupleted. After several 
hours of freezing, the material while still in the tubes was removed 
from the freezing mixture and allowed to thaw^ for a short time. 
The juices were then expressed by means of a fruit picss. Harris * 
employed a similar press in his w^ork with cotton wlien a press 
equii)ped with a .j)ressure gage was not available, a procedure not 
altogether desirable but at times unavoidable. 

The freezing-point method of determining the atm()sj)heres of 
osmotic pressure, as described by Dixon and Atkins,'^ (iortner and 
Harris,® and Lawrence and Harris ^ was used. 

In 1927 a second experiment wuis made. In this experiment shed¬ 
ding and osmotic-pressure variations wu*re investigated with four va¬ 
rieties of cotton, viz: Pima, Acala, an Fj cro.ss lietween Acala and 
Pima, and a small-boll American Indian variety known as Sacaton 
Aboriginal. These four varieties exhibit wide variations in shedding 
behavior. The ])lots w^re lcH*ated on the Salt River Valley Experi¬ 
ment Farm and soil conditions other than moisture were a[>proxi- 
mately similar to those in exjieriment 1. The technic for osmotic- 
pressure determinations wuis not varied from that emjiloyed in 
(xperiment 1 except that t> tubes of leaves and 0 tubes of bolis 
of each variety were used for tlui daily determinations. 

RESULTS AND DISCUSSION 
/experiment 1 

The shedding behavior of the, Acala variety was (jiiite consistently 
correlated with osmotic pressures in the leaves and bolls, being high 
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when osmotic values were low, ami low when osmotic values were 
hi^h 1). These results arc in accord with those reported pre¬ 
viously/ Two irrifyations were ^dven during the portion of the 
fruitin/i»’ jieriod iindei* investipition, that is, on August 4 and 19. 
These dates coincide with the two peaks in tlie osmoti(*-pressure 
variations. Thus the irrigations indirectly influenced the shedding 
behavior of the plants. 

In the Acala variety the osmotic pressures in the bolls were always 
somewhat lower than in the leaves. The same w as true of the Pima 
variety (fig. 2) w ith the exception of the material collected on Au¬ 
gust IS and 19, when the osmotic ])ressures in the bolls were slightly 
higluu* than in the huives. HoAvever, the results do not appear to 
substantiate the assumption that wdde ditfenuices between osmotic 



Fi'a'iiK 1. Slu'ddim^ pcriMMifaucs and (►Muotic i>r<*^siin‘s in tlio and India of Acnla 

cnl ton, 

,j)ressures in the leaves and bolls on the same jdants at any given 
date materially increast* shedding. For example, sh(‘dding was at 
a minimum with bolls Avhose Howers opened on August 4, although 
osmotic prc\ssures in the bolls and leaves were at wider variance than 
at other times when shedding w^as higher (tig. 1). Many siinilar 
examples wdiich refut<^ the foregoing assumption are evident from 
a study of tlie shedding and osniotic‘-pressure curves in figures 1, 
2, 4, and f). 

The curves for Pima, presented in figure 2, show^ little if any 
correlation •between shed(ling and osmotic pressure. Shedding is 
very low in this variety, however, seldom reaching more than HO 
percent on any one day. In this investigation the bolls shed by 
the Pima plants averaged betwwii 17 and 18 percent. Most of the 
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• « 

.shedding of th(‘ Pima bolls may have been due to insecd damage or 
to a lack of effective pollination, or botli. Witli a lieavy-sbedding 
variety like Acala, which shed 78 percent during this same period, 
the same amount of insed damatre or imjierfect pollinaticm would 
be greatly oversliadowed by other inffuential factors sueh as asinotic 
pressure of the tissue fluids. 



inavm a.—Osmotic pressiir*- in the leaven (A) and Ixdls {B) c»f IMiim and Acala 

cottons. 
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It has been shown previously*^ that high osmotic ])ressures are 
correlated with decreased shedding in the Acala variety. The os¬ 
motic preKsiires were always matcu’ially higher in the J^ima bolls 
than in the Acala bolls (fig. 3, B). A similar situation prevailed 
in the leaves of the two varieties with few exceptions (fig. 3, A). 
These higher osmotic valuers in the Pima plants may aa^ount for the 
limited amount of boll shedding. This assumption is supported 
further by data obtained in connection with experiment 2. 



FmiiRK 4.- Shodding percentages and osmotic pre.ssiires In the leaves and bolls of 
(A) Acala and {B) Tima cottons. 

EXPERIMENT 2 

Osmotic jiressures and boll shedding ih tht^ Acala variety again 
were correlated (fig. 4, A). The characteristic wide spread between 
the Osmotic •pressures in the leaves and in the bolls was also ex¬ 
hibited. Whether this wide sjiread has any significance in relation to 
shedding is not known. No correlation between osmotic pressures 
and shedding is indicated in the Pima variety, which coincides with 
_• 
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the results obtained in experiment 1 (fig. 4, /^). A good correlation 
is shown for the first-generation hybrid of Pirn a and Acala at the 
period of high osmotic pressure and ininmediately following this 
peak, although little if any is shown for the rest of the period under 
investigation (fig. 5, A ). The osmotic pressure values for the bolls 
of the Pima X Acala hyl)rid were intermediate between those for the 
bolls of the tAvo parents, and the eorrelaton between osim^tic pressure 
and shedding in the hybrid conforms to e\j)ectation. 4'he Sacaton 
Abori^nal, a variety which flowers j)rofusely, liad coiLsisteiitly low 
osmotic values. Variations in shedding Avere not great aiul the 
shedding cuiwe shows a good negative t‘orrelation with osmotic 
pressure (fig. 5, B), 



The shedding curves of the four varieties have been superimposed 
ixi figure 6. The suixerimposed curves shoAving the osmotic pres¬ 
sures of the bolls and of^ the leaves are shoAvn in figure 7. A 
comparison of the graphs clemonstrates that the order of arrange¬ 
ment of the four varieties on the basis of shedding behavior is the 
reverse of their arrangem§nt on the basis of osmotic pressure in the 
bolls. Pima had the lowest shedding and the highest osmotic pres¬ 
sures, Avhile Sacaton Aboririnal had the highest shedding and the 
lowest osmotic pressures. Trie other two varieties were/intermediah 
both in shedding and in osmotic pressure. These T*esults are en 
tirely in accord with those obtained in experiment 1 and with th( 
data repoHed previously.^^ The osmotic pressures in the leaves oi 

. »Hawkin 8, tt. S., Matixkjk, H. L., and Hobakt, C. (See footnote 2.)* 
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Fkji'hk ft Slioddiiif? perconlfiges of four varlPti<‘S of ootton. 



■Osmotic pressures in the leaves (.4) ami bolls ( It ) of foui 
cotton. 
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Pima are the highest and those in the leaves of Saoaton Aboriginal 
the lowe.st, but the order is reversed with the two intermediate 
varieties. Possibly this indi(;ates that osmotic pr 4 '.s.sures in the bolls 
are more directly correlated with shedding beliavior than are the 
osmotic values in the leaves, although both undoubtedly are involved. 

SUMMARY 

The shedding of young Acala cotton bolls was definitely correlated 
with the osmotic pressures of the expressed tissue fluids of the leaves 
and day-old bolls. 

'J’he daily changes in boll shedding and osmotic pressures show no 
correlation in the Pima variety. The (‘xtreniely low shedding coupled 
with comi)aratively high osmotic pressure's may ae^count for tin' lack 
of correlation. 

The spread betwe«'n the osniotic pr('.ssures in the leavc's ami in 
the bolls does not .s<'eni to Iw correlated with shedding. 

The sujjerimposed shedding curves of foui- varieties differing 
widely in shedding Ix'havior show a reverse ai’i’angement as com¬ 
pared with the superimpo.sed curves showing osmotic pre.s,siires in 
the bolls, which indicates a good negati\e correlation In'tweeii shed¬ 
ding and osmotic, pressure in the bolls. 

Boll shedding is somewhat more clos('ly correlated svith osmotic 
prc.ssure in the bolls than with osmotic pressure in the leav('s. 



BORDER EFFECT IN IRRIGATED PLOTS OF MARQUIS 
WHEAT RECEIVING WATER AT DIFFERENT TIMES' 


By D. W. Rohektson, assoriafc agrortomisl, and Dwight Koonce, aasislanl 
agronornislf Colorado Agricultural Experiment Station 

INTRODUCTION 

Extoiisivo (lata aro availnblo on tlio border effect in plots in which 
different varieties of plants have been grown under luimid conditions. 
Little study has been made, however, of the border effect on the same 
crops grown urnhu* irrigation. This paper presents the results of 
exj)eriments made to determine the border effect on Marquis wheat 
grown in plots irrigated at different stages, and shows the relationship 
of the yields when various numbers of border rows are included. 

MATERIALS AND METHODS 

'Phe plots were located on land that had been fallowed the previous 
season. The wheat was sown with a lb-disk drill, and after sowing 
j)lots aj)proximately one five-hundredth of an acre were measured off 
and diked. 

Th(' plots were laid out end to end, a dike about 1 foot wide sepa¬ 
rating each plot. In the fall one plot was diked and irrigated with 
() inches of water. The basin method of irrigation was used.^ After 
the soil had dried on the surface and before snow had fallen, the dikes 
wen‘ levelled with the rest of the series. This prevented any unequal 
drifting of snow' over the area used. In the spring after nlanting, a 
second plot received 7 inches of w^ater at germination, ana the other 
j)loti^ re(*(‘ived 1 inch of w^ater to insure an even germination. The 
third plot receivi'd a, O-inoh irrigation at jointing, or just before- 
heading, All of tlie plots, therefore, received a total irrigation of 7 
inches as well as the seasonal rainfall. There w^re three plots for 
each treatment each year. At harvest time 1 foot was cut from the 
end of each row, leaving a plot 10 feet long. The plots were harvested 
as follows: Outside border rows 1 and 10 were harvested separately 
with grass shears; rows 2 and 15 and 3 and 14 w^ere similarly harvested; 
rows 4 to 13, inclusive, w^ere harvested together, making the 10 center 
rows. All of the bundles were wrapped in cloth ana cured under 
cover. A modified Cornell thresher was used for threshing all bundles. 
JXplid weights of grain and straw', uncleaned weight of grain, and 
cleaned weight of pain were taken. The difference between the 
cleaned weight and the total weight is considered as straw yield. 
The plots were systeniaticallv distributed. 

The experiment as outlined wuis carried-on for 4 years, 1928 to 1931, 
inclusive. 
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RAINFALL 

Kainfall, which varied during the different seasons, affected the 
total yield. In the dry season of 1931 the yield for all plots was 
smaller than in any other year of the experiment. 

The rainfall data for 1928 to 1931 are given in table 1. 

TabIjE \—Rainfall “ at Fort Collim, Colo., 1928-31 


Month 

1028 

1020 

1030 

1031 

Month 

1 

j 1028 

1929 

1 1030 j 

1031 


Incheit 

Inchts 

Inches 

Inches 


1 Inches 

Inches 

Inches 

Incites 

January. , 

0.28 

0 21 

0 45 

0 00 

August 

1 69 

2 35 

5 36 

75 

February.. . 

52 

70 

70 

1 26 

September , _ 

! .09 

2 13 

16 

51 

March,.- , 

1 38 

1 78 

56 

H 

Octol>er .. 

1 1 50 1 

.99 

. 35 ! 

1 (N) 

Anrfl. 

1 02 

2.37 

49 

1 07 

November.- 

! 1 1.5 1 

93 

.70 

.6.1 

May. 

3 01 

.02 

3.02 

2 93 

December. 

1 06 

.09 

.14 

. 18 

June. 

2 05 


1 .50 

1 46 


1 

1 

-- 


— 

July. 

.79 

.46 

1 01 

.05 

Total-. 

1 13.42 

1 

13 57 

15 37 

1 10 2,^^ 


«The rainfall records for January, Februarj, March, November, and December; were obtained from 
K. K. Trimble, assistant irrigation investigator. 


DATES OF PLANTING, IRRIGATION, AND RIPENING 

Marquis wheat was planted on April 9, 1928; April 8, 1929; April 
7, 1930; and April 6, 1931. The dates of irrigation and the dates of 
ripening of the grain on the various plots are given in table 2. This 
table shows little, if any, difference in the date of maturity of the 
grain, in any one year, on the plots treated. 

Table 2. —Dates of applying irrigation irater to plotSy and of ripeniug of the grain 
on the variously treated plots, HI 

DATES OF APPLYINf} IRBIGATION WATER TO PLOTS 


Treatment 


Irrigation m fall_ 

Irrigation at germination.. . 

Irrigation at jointing . 




Data 

for plots 

planted on 



Apr 

9, 1928 

Apr 

8, 1929 

Apr 

1 

7, 19:H) I 

1 

Apr 

fi, 1931 

Sept 

9,1927 

Sept. 

10.1928 

Oct. 

1.1929 i 

Oct. 

6,1930 

Afir. 

14,19-28 

Ai)r. 

20,1929 

Apr 

14,1930 1 

Ai)r 

13,1931 

June 

7,1928 

June 

18. 1929 

June 

10, 1930 1 

1 

June 

15,1931 


DATES OF RIPENING OF THE GRAIN 


Irrigation in fall 
Irrigation at germination 
Irrigation at join! ing_ 


Aug. 8,1928 

July 30,1029 

July 22,1930 

do 

. . -do 

-. do . ---. 

. -do 

-do 

- do 


July 24, mf 
Do 

July 20, Jh31 


•YIELD DATA 

|n studying the border effect, 10 center rows are considered as a 
unit of 100 percent. The J2 rows are made up of the 10 center rows 
and the inside border rows (3 and 14). The 14-row plots are made 
up of the 10 center rows, the inside border rows, and the middle 
border rows (2 and 15). The 16-row plots include the 10 center rows, 
the inside border rows, the middle border rows, and the outside rows 
(1 and 16). Plots of 10,12,14, and 16 rows are used in the discussion 
of border effect. The arrangement of the royvs is shown in figure 1. 
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The yield data show considerable variation between the different 
years. When the yields of the outside rows, 1 and 16, are compared 
with those of the 10 center rows, a considerably higher percentage 




Fiot'RE 1 - -The arraimemeiit of rows iu the differently treated plots used in the computation of yield data. 

value is obtained than when the yield of the entire plot (16 rows) is 
compared with the yield of the 10 center rows. The same is true of 
rows 2 and 15, but to a lesser degree. The average yield for each 
plot of 10, 12, 14, and >6 rows is given in table 3. The table shows 
that while the yield varied in different years the yield in percentage 
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when compared with the fall-irrigated plots as 100 percent holds the 
same relative position for plots of 10, 12, 14, or 16 rows. 

The variation in straw yield was about the same as in grain yield, 
except that yields of straw were slightly smaUer for the plots irrigated 
at germination and slightly larger for those irrigated at jointing. 

Table 3. —YiehU from different numbers of border rows harvested from plots of 
Marquis wheat receving irrigations at different times^ 192H 31 

10 (’F.NTKU HOWS 


(Lain yu'ld from plots irriKitfed at tune 
iiHlicated 


Slrav\ from plots irriKa!o<l at timo 
indicated 


Veai 



Fall 

(Icrmi nation 

Jointing 

Fall 


Grams 

Per- 

cent 

Grams 

Prr- 

cent 

Grams 

Per¬ 

cent 

Grams 

Per¬ 

cent 

IW2H . . . 

1,384 

1(X) 

1,527 

no 

1,533 

ill 

2,802 

100 

It42» . 

1,020 

IIH) 

884 

87 

1,431 

141 

1,667 

100 

1»30.- 

1,180 

100 

1, 144 

07 

1,300 

118 

2, 200 

1(X) 

144.31_ 

82,'i 

100 

7.57 

02 

1 . in 

135 

1,447 

im 

\vpr!ij?e 

1. 102 

100 

1,078 

1 

08 

1 

1,367 

124 

2.071 

1(K) 

1 


12 HOWS 



... 

— 





■ - 1 


1028 , . . . 

1,647 

100 

1,830 

112 

1,815 

no 

.1, 408 1 

100 

1020 . 

1,226 

1(W 

1, OIM) 

80 

1,715 

110 

2. (M)2 1 

KMI 

10.30 . . 

1,380 

1(K) 

1..4.50 

07 

1,674 

121 

2,714 1 

KM) 

1031 . 

1 

004 

1 

KM) 

010 

02 ! 

1,318 1 

136 

i.T:« i 

KM) 

A\pnice j 

1 

KM) 

1 

I 1,207! 

00 

1,6.18 

i 125 

1 2.4(.l 1 

KH) 1 

_ . . , ^ 

' : 


1 _ 1 

1 

1 1 


L.. 



11 HOWS 


1028 


2,023 

‘ KM) 

2, 238 

m 

2. 220 

no 

1. 1.54 

KM) 

1020 


1..535 

KH) 

1,383 

IH) 

2, 111 

138 

2,501 

KM) 

1030 


1,718 

KM) 

1. 618 

04 

2, (k;.3 

120 

337 

KX) 

1031 

- 

1, 101 

KM) 

1,097 

02 

l,.506 

134 

2, 107 

KX) 


A vcrace 

1,617 

100 

1,.584 

OS 

iU... 

124 

.1,025 

KX) 







10 HOWS 

4 



1028 


2, 551 

"1 

KXJ I 

2,000 

114 

2,870 

113 

5,237 

100 

1020 


2,007 

100 

1,831 

01 

2, 707 

135 

3. 2,53 

KX) 

1030 


2,210 

KK) 

2,006 

91 

2,555 

116 

4,213 1 

KK) 

1031 

_1 

1,387 

UK) j 

1,.336 

06 i 

1,861 

134 

2,572 

KX) 


Aveiagp 

2,039 

KM) 

2,018 

90 

2,408 

123 

3,810 

KX) 


Oetmination J 


Grams 

Pn- 

cent 

2, 785 

1 06 

). 4.50» 

8S 

2,001 

88 

1,211 

84 i 

1,865 

00 1 

__ 



.1, 3.10 I 

08 

1,7.52 

88 

2, .172 , 

.87 

!. 180 , 

86 

2, 236 1 

91 


4,084 

08 

2,214 1 

88 

2,844 1 

.8.5 

1,781 1 

1 

8.5 

..7:h ! 

00 


2. 7;U 1 00 ' 

I 1 


.5,212 1 

KX) 

2,9.58 

i 01 

3, .521 1 

i 81 

2, .302 i 

i 00 

3,499 

02 


Joint iiijr 


Grams j 

Per- 


ct nt 

3.433 

no 

2.170 

ns 

3,200 i 

144 

2, 07.5 

in 

2,810 

1 l.« 


Korri ; 120 

2,002 ! 140 

S.042 I 14r> 

2,0.40 , 147 

:i,.(S7 , 1.47 


4,o,^^ ' no 
i \\s 
4,70S 144 

: 4 , 00 <l I 14.4 


f>,2S7 I 120 

4,664 14:4 

!>,76S I 1:17 

14. 604 I 140 

.^OSl j *13:^ 


By comparing the yield of the 10 center rows alone with the 10 
center rows plus the inside border rows (12 rows), the 10 center rows 
plus the inside and middle border rows (14 rows), and the entire 
plot of 16 rows, the increase in percentage yield over the 10 center 
rows is found to be gradwal and is approximately the same for all 
treatments. While the yearly yield of grain varies from 825 to 1,384 g, 
the percentage increase for the different number of border rows is 
approximately the same. However, the effect of the outside border 
rows in the dry season of 1931 is slightly less than in the other 3 years. 
It varies only 6 percent between treatments. Table 4 gives the 
average yearly yield for the 10 center rows and for the 10 center 
roVs plus 2, 4, and 6 border rows. 
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The increase in yield of both straw and grain is gradual. Tlie 
average figures for grain yield range from 119 to 120 percent for the 
10 center rows f)lus the inside border row, 140 to 147 for the 10 center 



rows plus the inside and middle border ^rows, a.nd from 183 to 178 
percent for the entire plot (fig, 2). A very similar range is found for 
the straw yield. The time of treatment had no consistent eflect 
on the yield, all treatments having about tl^e same percentage increase 
for the"different number of border rows. 
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Table 4. — Yielda from 10 center rows and front plots consisting of 10 center rows 
plus or 6 border rows, 1928-St 


Avpmue... 


Rows. 

Oram yield from plots irrigated at tune 
indicated 

Straw 

yield from plots irrigated at lime 
indicated 


Fall 

Germination 

Jointing 

Fall 

(lermination 

Jomljng 

Num- 

hfr 

Grams 

Per- 

cent 

Grains 

Per¬ 

cent 

Grams 

Per¬ 

cent 

Grains 

Per¬ 

cent 

Grams 

Per¬ 

cent 

Grains 

Per¬ 

cent 

10 

1,384 

1(K) 

1.527 

100 

1.533 

MX) 

2, 802 

1(H) 

2, 785 

1(H) 

3,4.33 

100 

12 

l,fH7 

no 

1,8.30 

120 

1,815 

118 

3,408 

118 

3. 3.30 

120 

4,075 

no 

11 

2,023 

146 

2, 23H 

J47 

2,220 

145 

4.154 

144 

4,084 

147 

4,055 

144 

16 

2, r)f>l 

184 

2,0(X) 

190 

2,870 

187 

5.237 

181 

5, 212 

1K7 

6, 287 

183 

10 

1,020 

UX) 

884 

100 

1,434 

100 

1,667 

100 

1,450 

100 

2, 470 

1(H) 

12 

1,226 

120 

1,000 

123 

1, 715 

120 

2. (K)2 

120 

1,752 

120 

2.002 

121 

14 

1,.')35 

150 

1.383 

156 

2,114 

147 

2, 601 

150 

2, 214 

152 

3, 695 

150 

16 

2.007 

107 

1,831 

207 

2. 707 

180 

3, 253 

105 

2, 958 

202 

4, (W)4 

180 

10 

1.180 

100 

1, 144 

100 

1,300 

100 

2, 21K) 

1(H) 

2,004 

100 

3, 200 

J(K) 

12 

1,380 

118 

1, 350 

118 

1,674 

120 

2.714 

no 

2. 372 

118 

3,042 

no 

14 

1,718 

146 

1, 618 

141 

2,063 

148 

3.337 

146 

2,844 

142 

4. 708 

145 

10 

2,210 

187 

2,006 

J7.5 

2, 

184 

4,213 

184 

3, 524 

176 

.5, 768 

175 

10 

825 

100 

757 

100 

1, 111 

MM) 

1,447 

MX) 

1.211 

100 

2, 075 

i(H) 

12 

m 

120 

010 

120 

1.348 

121 

1.733 

120 

1. 480 

123 

2, 530 

122 

1 

1.101 

144 

1.007 

145 

1,506 

144 

2. 107 

146 

1,781 

' 147 

3,000 ! 

145 

10 

1,387 

108 

1, 336 

176 

1,861 

168 

2,572 

17S 

2, 302 1 

100 

3,604 I 

174 

f 10 

1, 102 

100 

1,078 

100 

1,307 

100 

2,074 1 

100 

1.865 I 

100 

2,810 i 

100 

I 12 

1,314 

no 

1,207 

120 

1,638 

120 

2,464 

no 

2.23() i 

120 

3,387 1 

120 

1 14 

1,617 

147 

1,584 

J47 

2,000 

146 

3,025 I 

14(> 

2. 731 ' 

146 

4, 114 ' 

146 

1 16 

2,03!) 

185 

2,018 

187 

2,408 

183 

3.810 1 

184 

3, 400 1 

187 

5,081 1 

180 


There is no consistent increase or decrease in variability of the plots. 
Table 5 gives the average yield in grains of tlie fall-irrigated i)l()ts and 
the probable error in percentage of the nH‘an. The ])i*obabl(' errors 
were deterxnined by the deviation-froin-the-inean method. There is 
a variation between different years, but no consistent trend up or 
down as the nuiidxer of rows increase. 

Table 5. —Comparison of vanahilitt/ m the different fall-irrigated plots r/s* deter¬ 
mined bjf the probable error of the mean, in percevlogo 



j Gram > (eld 

Straw' 

Hows 



- 


Fall-irri¬ 

1 Probable 

Fall-irri¬ 


gated plots 

1 error 

gated plots 

Xn mber 

Grams 

Percent 

Grams 

M) 

1,384 

±2 74 

2.802 

12 

1,647 

±2 50 

3,408 

14 

2,02:1 

±2 22 

4,154 

16 

2,551; 

±2 87 

5,237 

10 

1,020 

±2.28 

1,667 

12 

1,226 

±2 24 

2,002 

14 

1,635 

±1.82 

2,601 

16 

2, {KJ7 

±1 60 

3,253 

JO 

1,180 

±2 25 

2,200 

‘ 12 

1,380 

±2.17 

2,714 

14 

1,718 

±1.87 

3,337 

16 

2,210 

±1.27 

4,213 

10 

825 

±1.66 

1,447 

12 

004 

±1.05 

1,733 

14 

1,101 

±1 02 

2,107 

16 

1,387 

±2 32 

2,572 


PFTCtUt 

d-S 47 
±’S 40 
32 
d-3 

d-2 m 
rh3 42 
d;2.9h 
±2 79 
d::2. m 
±2, fi2 
±2.28 
±1 64 
=hl.80 
±2.40 
± 2 . 22 
dr2.05 


1031. 
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COVERED PLOTS 

A study was made of the yields from covered plots. Except for the 
fa(*t that covers were placed over the plots to prevent additional mois¬ 
ture from falling on them, the treatments in these experiments were 
similar to those emjdoyed in the study of border elfect on o])en plots. 
For a detailed description of the covers, see Kezer and Robertson.'* 
The plots H'ceived only 7 inches of water from the time of planting to 
harvest. These experiments were conducted from 1929 to 1931. In 
192!) and 1930 six replications were used, and in 1931 three. In diking 
the ])l()ts to facilitate irrigation, the outside rows were more or less 
covered. The etfect of tlie partially developed outsid(' rows on the 
middle l)order rows under cover was determined by correlating the 
grain yield of row I j)lus row' 10 and row 2 ])lus row' 15. 

The following correlations were found: —0.2548:1 0.0997 in 1929; 

I 0.0109 I 0.0938 in 1930; 10.3234 10.1030 in 1931. All of the 

(‘orrelalions were small and indicate very little relationship between 
the yi(4d of ihe outside and middle border rows. In determining the 
correlations oidy 18 plots were used. In discussing the border effect 
of the covercal ])lots, rows 1 and 1() are not used, since only frag¬ 
mentary stands in these rows w'ere obtained. 

Th(» data from the covered plots are given in table 0. The effect 
of (‘liminating the inlliience of rainfall by covering the ])lots during 
rainstorms and at night is shown by the slightly increased yield ratio 
in the plots irrigated at jointing. Tl)e border effect remains the same 
for 12- or 14-row' plots in different y(‘ars. These results ar(' similar 
to those obtained with the uncovered ])lots. The straw' yi(‘Id and 
total yield of grain and straw* show similar results. 

A com])arison of the percentage increase of the 12- and 14-row 
plots over the 10 center rows (table 0) indi(‘ates a sliglitly greater 
increase in yield of grain in 1931 for the 12- and 14-row plots. How- 
(wer, the increase was similar for all treatments. These results again 
indicate that there is no difference in compai’ative yields of the 
different-si zed ])lots for th(‘ different treatimuits. The same is true 
foj' the straw yield. 

ti.- (\nitpiOiHon of yield of Iff cuder ioir>i and of U) coder rows pins .? or 4 
border rotrs^ core red plotSf 10 JO 31 


Ormii 



Rous 

Fall 

OoriiiJiintioji 

.lollllllJH 


Xumbn 

Oramx 

! 

PvTcnd 1 

(irnmn 

P(mn( 

Urn m» 

Pi'TCi nt 


j 10 

.Wl 

100 

43S 

100 

.504 

J(K) 

1020 

12 

()21 

1*24 

m 

123 

090 

122 


1 11 

797 

159 

008 

1.59 

885 

157 


1 10 

380 

1(K) 

300 

IIH) 

4()4 

KMl 

loao - .... - _ 


400 

127 

m 

12,5 

.587 

127 


1 n 

l>51 

109 » 

007 

107 

705 

171 


1 

147 

100 ' 

183 

100 

202 

100 

1931 


190 

133 

240 

131 

205 

131 


1 H 

271 

I 184 

317 

173 

326 

161 


1 in 

345 

100 

340 

100; 

410 

100 

AvoriiKe.. 

1 12 

430 

126 

426 

125 

514 

125 

1 14 

573 

106 

5()1 

165 

008 

163 


3 Kezeh, a., and Robertson, D^W. See footnote 2; pp, 80-116* 
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The probable error is greater for the covered plots (table 7) than for 
the open ])lots. In 2 years out of 3 the error decreased as the number 
of rows increased. Tn 1920 both the grain-yield and the straw-yield 
error was smallest for the J 0-row plot. The ])robable error, however, 
varied more between years than it did between ])lots. These data 
indicate that Manpiis wheat receiving irrigations at different times 
gives comparable yields as accurately from plots consisting of 10 
(‘.enter rows plus 4 border rows as from the 10 center rows alone. 

Table 7. —Probable error in percentage of mean for plots of 10 rowSy 10 rows plus J 
border rowSy and 10 rows plus 4 border rows; covered plotSy irrigated in the fully 
1929-31 


’S'car 

r ' 

Hows 

Ornin 

>ieM 

Probtihlo 

error 

Stnns 

yield 

I’rohahle 

error 


\ timber 

Orama 

f*rrc( lit 

drams \ 

I PiTcint 


1 

.W1 

±2 44 

1,1W7 ' 

.4 1 7.2 

1921) , - _ 


621 

dL2 fil 

.1,277 

1 -1 1 71 


1 14 

707 

}-2 17 ' 

' 1,610 1 

I 71) 


j 10 

38f) 

-1-4 7)6 1 

i S60 1 

i2 80 

... . . - 

12 

1 100 

±4 20 

i 1,001 , 

J 2 76 


1 i« 

i 67)1 

±3 76 : 

! 1,47)7) 1 

1 i-2 7)4 


!| 10 

' 117 

=fc7 60 j 

j HS 1 

1 rf 2 00 

I'.KiJ .... 


1 106 

d:-6 7H 

7)7)S i 

2 40 

1 

1 H 

1 271 

1 

±b 20 1 

724 1 

1 -1 2 .0) 


STATISTICAL ANALYSES 

A summary of (he yields in relation to their probable curors is 
given in table 8. 
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The difference between the plots irrigated in the fall and those irri¬ 
gated at germination is not significant, as is shown by the D/PE for 
the average yields. The degree of significance varies, however, in 
different years. For 1928 the deviation divided by the probable 
error of a difference is more than three for plots including 2, 4, and (> 
border rows. In 1929 all of the differences are significant. In 1930 
only the 10-row plots (10 center rows f 0 border rows) show a sig¬ 
nificant difference. In 1931 the 10-, 12-, and 14-row plots show a 
significant difference. 

When the diff‘eren(*e between the ])lots irrigated at jointing and 
those irrigated in the fall are considered, a significant diiference is 
found only for the 14-row plot in 1928. However, in all of the other 
years there is a signifi(‘ant difference for all of the plots. There is no 
consistent increase, however. In 1928 there is a slight increase in 
the size of the diff*eren<‘e divided by the probable error of a different^' 
up to 14 rows, then there is a slight decrease. In 1929 and li)3() there( 
is an increase up to the Iff-row plots, but in 1931 there is a (l(‘crease, 
the ]()-row plots having the greatest difference The data for tlu‘ 
average yields show no general trend in the size of the difference'. Tlie 
average results when interpreted in relation to their probable erroi*s 
show a significant difference between the plots irrigated in the fall 
and those irrigated at jointing for all combinations of the center 10 
rows with the various number of border rows. 1'he diffVren(*e Ix'- 
tween the fall-irrigated plots and the plots irrigated at geirnination 
is not significant in any of the comi)arisons made on average yields. 
These results again indicate that comparable results (*an be obtained 
from irrigated plots whether the border is removed or wind her it. is 
included in the yields. 

Similar results were obtained with the covered plots. 

SUMMARY 

The effect of different numbers of border rows on th(‘ yield of ])lots 
of Marquis wheat receiving different irrigation treatnuuits was 
studied. 

The yield increased as the size pf the plot increased, but the per¬ 
centage increase was uniform for the three different treatments em¬ 
ployed. 

Although the average yearly yields varied, the border effect re¬ 
mained uniform with the exception of the outside rows (1 and 16) 
In 1931, which was a very dry year, less border effect was found from 
the outside rows. 

The variation as determined by the percentage probable eri’or did 
not increase or decrease for plots of different sizes, it. varied in 
different years with the (Efferent number of border rows. The 
variation was similar for both grain and straw yields. 

When the same amount of irrigation water was applied to Marquis 
wheat at different times, the comparable yields were the same for plots 
of 10 rows, and for 10 plus 2, 4, or 6 border rows. 

The difference in the average yield between the ploW irrigated in 
the fall and those irrigated at germination was not significant for 
plots of 10, 12, 14, or 16 rows; the difference in the average yield be¬ 
tween plots irrigated in the fall and those irrigated at jointing was 
significant for piots of 10, 12, 14, or 16 rows. * 



THE INFLUENCE OF PHOSPHORUS DEFICIENCLY IN DAIRY 
COWS ON THE COEFFICIENT OF DIGESTIBILITY AND 
THE BALANCE OF CALCIUM AND PHOSPHORUS ‘ 

By W. H, Riddell, dairy yroduchon invesligaiions^ Department of Dairy Hus¬ 
bandry: . 1 . S. HuciiiEy, animal nutritiorij Department of Chemistry: and J. B. 
Fitch, head of Department of Dairy Husbandry, Kansas Agricultural Experiment 
Station 

INTRODUCTION 

A frequent observation in cases of aphosphorosis in cattle is the 
general lack of thrift and tlie poor condition of the animals affected.^ 
Theiler and his associates,-^ after extensive investigation of the 
problem in South Africa, concluded that phosphorus was a limiting 
factor in growth and voluntary food consumption and a dominating 
factor in the maintenance of live weight under ordinary conditions 
of veld grazing. 

In a study of the energy re(|uirement per pound of gain for dairy 
^cows on a low phosphorus ration, Eckles and Gullickson ‘ reported 
that a plane* of feeding at least 120 percent of that specified by the 
feeding standards in general use w'as necessary to even maintain the 
live weight of the experimental animals. 

It has been definitely established that there is a lowered feed 
utilization in the phosphorus-deficient animal. The (question may be 
raised, th(*refore, as to whether the condition of a])hosphorosis ad¬ 
versely affects the digestibility of the ration. The (‘vidence bearing 
on the eff(*ct of a lowej*ed mineral intake on digestion is limited. 
Evans '^ re[)orted the results of a series of digestion trials with swine 
suffering from prolong(‘d calcium deficiency. Tw(‘nty-two trials 
sliowed “no enhanced effect on the digestibility of the organic con¬ 
stituents of the food on adding calcium carbonate to a lime-deficient 
raLion,^’ Woodman and Evans working with sheep, concluded that 
a deficiency of calcium and phosphorus in forage did not (‘ause it to 
be digested any less efliciently. 

These results would suggest that the i)rolonged feeding of a phos¬ 
phorus-deficient ration in all probability would not materially iiiflu- 
('iice digestion. However, since there appeared to be no published 
results of digestion trials for animals in advancetl stages of aphosphoro¬ 
sis, it was planned to secure definite information on this subject and 
on the mineral metabolism of affected animals at the same time. 

EXPERIMENTAL PROCEDURE 

Jjate in October 1929, three animals were selected and placed on 
the low-phosphorus experimental ration: (1) (.^ontrol cow, E-7 (re- 

* Ueceived for jiublicfttioii July ‘24, issued March iWiU. This paper ropresenis a portion of a 
thesis presented by W. H Hiddell in partial fulfillment of the riMiuirements for the dejiree of doctor of 
philosophy, University of Minnesota, lt>32. Contribution no 88 of the Department of Dnirj Husbandry, 
and no 174 of the Department of Chemistry. 

2 An excellent and comprehensive review of the literature pertaiuinR to phosphorus deficiency in rumi* 

nauLs has appeared in the followiriK publication Theiler, A., and Urken, H H. aphosphorosis in 
Rt^MiNANT.s, Nutrition Abs & Hov 1 359-.W) 1932 

3 Theiler, A , Green, II H., and duToit, F. J phosphoris in the livestock industry Union 

Bo Africa Dept Agr. Jour 8 4<K)-504, illus 1924. * 

* Eckles, 0. H , and Gullick.son, T. W the relation of phosphorus deficiency to the utili¬ 
zation op peed Araer Soc Anira Prod. Proc 1927 Ifi 21. 1928. 

3 Evans, R E itiie influence of the addition of cau'ii m carbonate to a ration low in lime 
ON THE appetite AND DIOESTIBILITY OF the FOOD in swine Jouf Agr Sci [England] 19. [799] “801. 1929. 

flWooDMAN, n E, and Evans, K. E nl’TRitive value of pasture vi the i tilization by 
SHEEP OF MINERAL-DEFICIENT HERBAGE. JoUF Agr. BCl [England] 20 [.587]-Oir>. 1930. 
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ceiving phosphorus supplement), a 3-year-oId, weight 885 pounds, 
freshened September 14, 1929; (2) low-phospliorus cow, E-8, a 2-year- 
old, weight 845 pounds, freshened September 20, 1929; (3) low- 
phosphorus cow, E-9, a 2-year-old, weight 834 pounds, freshened 
October 7, 1929. All were good milkers, ])roducing between 30 and 
40 pounds of milk daily. 

The animals w^ere maintained as far as possible on a uniform plane 
of nutrition, which was 110 percent of the estimated digestible 
nutrients required as prescribed by the Morrison feeding standard. 
This intake was adjusted at the beginning of each month to meet 
changes in the milk production and live wa^ight of the animals involved 
or as the circumstances of the experiment called for. 

The typical ration furnished at the outset of the experiment was 
as follows: Prairie hay, 10 pounds; beet pulp (dry), 7 pounds; mo¬ 
lasses, 3 pounds; blood flour, 1.6 pounds; grain mix (corn and oats), 
3 pounds. Tins ration contained approximately 0.57 percent calciun^ 
and 0.12 percent ])hosphorus. With the phosphorus su])plemenr 
(100 g monosodium phosphate) added, the phosphorus content was 
raised to 0.34 perc'.ent. While the calcium (content of this ration was 
probably adequate, the phosphorus was present in subnormal amount. 

Except during the colder months the cow^s were in dry lot most of 
the time when the weather permitted, being turned into the experi¬ 
mental barn only for feeding and milking. 

Since the digestion and balance trial was to be t‘uu on animals in 
the phosphorus-deficient condition, the major concern was to induc(‘ 
a])hosphorosis in the expcuimental animals througli feeding the lov\- 
phosphorus ration. Although there was early (*videnc(‘ of phosphorus 
deficiency in both cows E-8 and E-9, the trial was not run until the 
latter part of June 1930. In the interval between the first marked 
symptoms of aphosphorosis and the period of the trials the lf>w-})hos- 
])horus cows had received a phosphorus supplement on two occasions 
over cxteiKled periods, and it was not imtil tin' first [)art of June that 
they were judged to be again in a suitable condition of ])hos])h()rus 
deficit. Proof of this was furnished by the symptoms of de})rave(l 
appetite, low efficiency of feed utilization, and also by the blood 
analysis. At the conclusion of tjie trial the inorganic* ])hosphorus 
(‘ontent of the blood of the experimental animals was as follows: Cow^ 
E-7 (control), 8.72 mg per 100 cc of whole blood; cow^ E-8 (low P.b 
1.34 mg; cow E-9 (low P.), 1.2 mg. 

Since the low-phosi)horus cows would not consume the entire ration 
at all times because of loss of appetite, it was decided that during the 
10-day preliminaiy period and the ac^tual trial all 3 cows should 
be limited to an amount of feed which previous exf)erience had in¬ 
dicated that they would completely consume. Jn this way the 
troublesome problem of refused feed w^as avoided. The amounts fed 
were as follows: Prairie hay, 4 pounds; beet pulp (dry), 4 pounds; 
molasses, 2 pounds; blood ^|our, 1.2 pounds; grain mix (corn and oats), 

7 pounds. A sufficient supply of the several feeds was set aside at the 
outset of the digestion trial under such conditions that po significant 
change in moisture content would occur during the 10-day feeding 
period. 

Complete collection of the excreta and milk was made. Toluene 
was used ^ a preservative in the collection of feces and urine. At the 
end of each 24-hour collection period an aliquot of the feces was taken 
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and placed immediately in a drying oven. Aliquot samples of urine 
and milk were taken daily, preserved with toluene and formaldehyde, 
respectively, and kept in an ice box. The necessary (‘hemical analyses 
for the calculation of digestibility of dry matter, crude protein, (‘rude 
fiber, and the balance of calcium and phos])horus were made." 

PRESENTATION AND DISCUSSION OF DATA 

The amounts of the different nutrients consumed, voided, and ap- 
panmtly dig(^sted are shown in table I. 


Tahlk [.--Amounts of the different nutrients consumed^ voided^ and npparentlij 
digested bij each cow during the trial 


N liTKlKNTS GONSCIVI K1)^((}K.\MS) 


Feed or cow no. j 

I>ry ' 
mutter j 

Cnnle 

protein 

C'liide 

fiber 

^Praine liny . . . 

1«, .5iM» 1 

772 

5,509 

Meet pulp_ - - -- __ 

It), 725 ! 

1,470 

3, 345 

Molasse.s „ , . • . 

0, 79h j 

.341 1 


Hlood Hour „ .. _- . 

4.y.52 

4, rm) i 

01 

('orn and oat.s . .. . 

28,710 j 

3,35)7 1 

l).50 

'J'olaL .. . . ..' 

73. 787 j 

10, .57<r 

9,985 


Nilrogeii- 
fiw extract 

423 
10,771 
5,044 
7 

22 , 

77,17)0 i ' 


Ethet 
extI act 


r>4s 

ior> 

30 

53 

1,330 

1,0S2 


Nt/riilKNTS VOIOKI) IN EK(U^S ((IK A VIS) 


-7 ('contiol) - 


. . i 22,440 ; 

.5,015 j 

4, 000 i 

9,774 

.549 

-8 < low IN . . 


! 20,fir)01 

4,8X4 i 

.3,772 1 

9,215 1 

40,5 

-9 (low P ) . 

... 

2.3,320 i 

.5,087 1 

l.,533 I 

10,409 i 

5.54 


I 


Nl THIEM'S \l’P4IiEN'rLY DIUKSTKl) ((UtAAlS) 

E-7 (control) ... , .j 51,34x1 | 5,010 1 37,034, 1,433 

FvH Uow I‘ ) _ --I , 53 , 12 X 1 . 5 , 002 ' 0 , 203 ! 38 , 103 ; 1.517 

E’OdowCl . , 50 , lOX ■ . 5 , 1 X 0 ! . 5 , 4.52 1 30,010 I 1,420 

• ' i'll 


GOEFEICIENTS OF DTUKSTIHILITY (PKKCFNT) 


F-7 (control) . . -- 09 0 .52 0 

F-8(1(iv^P).. 72 0 .53 8 

K-9(lowI’). -- 08 1 ,519 

.59 3 
(>2 7 
54 (5 

79 4 
SO 5 
77 9 

72 3 
70 5 
72 1 

Average for low-P rows . ... - j 70 2 .52 8 

,58 0 

79 2 

71 3 


The digestion coefficients indicate that the ration employed in 
the trial was of average digestibility. The observed difleroines be¬ 
tween the low-phosphorus animals and the control are not sufficiently 
marked (^r consistent to be n^garded as significant. This reasonably 
close agreement between the coefficients of digestibility for the three 
animals supports the conclusion that phosphorus deli(‘i(mcy does not 
lower the animars ability to digest its fec^d ev(m when it is in an ad¬ 
vanced stage of the disorder. From thisat is evident that irndficicmt 
feed utilization in the phosphorus-defiident animal is not caused by 
any inability on the part of the animal to digest its feed properly. 
When the fact is considered that phosphorus is recpiired in relativelj^ 
small amounts in the processes of digestion, there is probably little 
reason why a shortage of this element in the ration slunild depress 
digestibility of the feed. Any deficiency in the ration is made up, 
imcioubtediy, from the available reserves of the animal. 

The data relating to the calcium and phosphorus balances of the 
experimental cows are given in table 2. 


7 The analyses were made under the direction of Prof. W. I/. Lat.shaw, of the chemistry department. 
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Table —Average daily calcium and phosphorus balances of experimental animals 

during digestion period 


CALCIUM 


K‘7 (control) 
K-8 (low P ) 
E-y (low P). 


(\)wno. 

1 

Feee.s 

Urine 

Milk 

1 Outgo 

Intake 

Balance 


20 9 

0 4 

7 8 

! 37) 1 

41 r> 

-fO-4 


27 1 

0 0 j 

9 7 

1 41. S 

41 5 

-.3 


30.1 

4 0 

8 \) 

43 0 

41 7 

-1 3 


PHOSPHOlurs 


R-7 (control)-. 
K-8 (low P ) 
K-9 (low P ) 


1 

-. - - ! 27) 7) 

1.3 

7 0 

-. 1 10 3 

. 1 

8 7, 

. ... 10 2 

. 1 

8 1 


IH t) 
IK i 


(; I 4'."). 2 

14 y i -40 

14 0 i - .'1 /i 


A consideration of the inineral-balanco data brings out qiiit^ 
clearly the influence of the level of phosphorus intake on the calciuiiK 
and phosphorus inctabolisin in the exporiinental animals. While 
cows E-8 and E-9 on a phosphorus intake of 14.9 g daily, as contrasted 
with 89.6 g for the control, showed negative daily balances of 4 g 
and 3.5 g, respectively, a positive balance of 5.2 g daily was recorded 
for E-7. It may be concluded, therefore, that the basal ration, 
while falling considerably short of phosphorus requireiiKuits, proved 
adequate and allowed for some storage when supphunented with 
100 g of sodium phosphate daily. 

It is interesting to note tlie uniformity of results for (he diflerent 
paths of outgo in tlie low-phosphorus cows. Ajiparently depletion 
of mineral reserves had reached approximately the same stage for 
each of these cows at the time of the trial. Attention is also directed 
to the greater urinary excretion of phosphorus in tlie case of eow*E-7. 
The urine of the low-phosphorus cows was extremely low in this 
mineral, containing about one tenth that of the control. ()n the 
other hand, in the case of calcium just th(i reverse was true, namely, 
the urine of the control contained only approximately one tenth as 
much calcium as did the urine of the deficient animals" 

The close association of calcium and pliosjihorus in metabolism 
is well illustrated in the data on tlie calcium and phosphorus balances. 
It will be observed that the negative phosphorus balances in cows 
E-8 and E-9 were accompanied by calcium balances of similar charac¬ 
ter, though not so marked in extent. On the other hand, the control 
cow, E-7, showed considerable storage of these minerals during the 
trial. It is evident that the heavy demand for phosphorus in the 
deficient animals must have resulted in a considerable break-down 
of skeletal material. 

• SUMMARY 


The results of a study of the problem of lowered feed utilization 
in phosphorus-deficient ca*ttle are reported, 

Lactating dairy cows in advanced stages of apliosphorosis were 
found to digest their feed as efficiently as the normal control. 

The lowered feed utilization by the phosphorus-deficient cattle did 
not result from inefficient digestion of the feed. Cows in this condi¬ 
tion were found to be in negative balance for both calcium and phos¬ 
phorus. * ^ 








A STUDY OF THE IODINE CONTENT OF PENNSYLVANIA 

POTATOES' 


Uy K. 11. Fkhak 

Associntr in nnimnl nniritian, Instifntr of Anunnl Suirition, Pcnnfijfiranio 

^ INTRODUCTION 

This jiaper reports the iodine eoiiteiit of L‘i5 sample's of potatoes, 
of the 19:U crop, from 1115 loealities representin^r of the iu 
oiiiities of th(‘ Slate* eif Pennsylvania. The peissible relatieins e)f 
^ue*h ioeline* elete'rminations to tlie se)il tv])es, fertilizer ajijilieatieins, 
variety anel size* eif jmUitex's, and ine*ielenee* eif goiter ein tl)e farms 
ein whie*h the* peitateie's were frrovvn anel anions: the stnde*nts e»i‘ the 
N'linsylvania State (\)llei^e, are also peiinte'd out. 

The ])(^tato was choseui as the^ suhje*e‘t of this study he(‘ause it 
preibahly fe)!*ms a larfjfer jiart eif the elied ed‘ the jie'ople of the State 
than eleu's any either sinjrlo foexl e\\e*e*])t breael, be(*ause it is f>:re)wn 
in all se‘(*tiems ed‘ the Statx*, anel U'cause it is larp'ly (‘einsumed in 
the locality in vvhie*h it is jiroeluerel. 

The fineliji^s in snoli a stuely ha\e |(»:J‘e‘ater siirniHe*an(*e feir rural 
than feir ui’ban elw(*ile*rs. as the feirmer are niueh meire likely than 
the' lattei* tei use leie'ally i)i*e)eluee'el jieitateie's as wedi as either foeiels, and 
the* ieieline e*onte*nt eif peitatex's is jireibably indie*ative'—to se>me* ex- 
le*nt—eif tlie iodine cemte'ut e>f either feieids and fe'e'dinji’ stuffs ^reiwn 
in tlu'se leicalitie'S. 

The fact that deficient intake of ieieline is the ]ireelominant <‘ause 
of simple nutritional ^eiite'r has be'en thoreiu^hly e^stablished throufi^h 
e‘xte*Hsive' surve*>s anel ex[)erime*nts; but inasmuch as ae'ute oi* chreinie* 
focal infe'ctiem and j 2 :ene*i-alizeel infe*e*tiein, siu'h as influenza, may play 
a. prominent se*(‘eindary, eir a relatively unimjxirtant primary role 
eif aedivatiein, in the preidueliem of thyroiel elisease (J,* T; (S’; ]/\ 

IJh; Ji)/' it is neit tei lx* expectexl that the ieieline eemtent of 
the eliet will be feiiinel, uneler all e*<inelitieins, in significant ceirrela- 
tion with the ine*idene*e of froiter: ami miie*h less is it to be expe*ct('el 
that the ioeline eemtent of a siiifrk* fo<iel will be founel tei be so 
ceirrelateel. 

The LT5 ieieline determinations re'poide'd, therefeire, are pre'seiiteel 
mainly as indie*atinj^ the value eif peitatex's freim Pennsylvania as a 
source of iexline. There is some (thoujih e*eimparatively little) evi- 
eh'iice eif ieieline elefie'ie'ucy in feieiels feir human lieinjrs anel live*stoe'k 
in that State. 

K<‘(*(‘iv(*(l for ])iil>li(‘ii(ion S«*|M 27, 1!I.‘L‘I; iNsUftl .Tlarch, 'IVcImcal l'aia*r ({(>4, 

AjfricuJtural KxporliMPnl Station of l*eiiiis> Ivania 

author Is jfroaUy iiidebtort fo the <‘ounl.v agricultural agents, and to the fanners 
who Hiipplied the potatoes The author is also indebted to Dr. W*. B. Mack and K t*. 
Brasher for assistance in designing the aiiparatus; to tl. J. Kahlenberg for cooperation 
111 the iodine determinations: I'rofs. F. G. Merkl? and F. J. Ilolhen for advice 

concerning soil types, and lo Drs. J. V. Ritenour and e\ D. Dietterich for the data on 
the medical examinations of students 

•’Reference is nfad(* l»y minilier (italic) t(» Literature Cited, ]). ISl 
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Washington, li.(\ .Tan. 15, 1P:14 
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METHOD OF SECURING AND PREPARING SAMPLES 

In April 1931 each county agricultural agent in Pennsylvania was 
asked to name three, farmers who would coo})erate in furnishing' 
I)otatoes for iodine analysis. The farms from which these potatoes 
were to come were to he selected as represemtative of the predominat¬ 
ing types of soil and of farming conditions in each county. 

As soon as replies were received from lln' county agents, a request 
for 20 average-sized potatoes was sent to each of the farmers 
named, with a questionnaire calling for information as to the exact 
location of the farm; the variety ol potatoes; the amounts and kinds 
of commercial fertilizer used to grow the crop; and the incidence, 
of goiter in the farmer’s family and among his livesto<'k. 

In I'esponse to these I'equests 135 farmers .sent potatoes. Thes4> 
samples were weighed in the original condition, and were then thoi^ 
oughly washed, after which they were sliced and <lri(*d at TO" (if. 
The samples were then allowed to come to e(|iiilihriiim with the air 
Avith resj)ect to moisture, content, were ground, anM enclosed in 
screw-cap fniit jars. Iodine and hygro,sco])ic inoistmr* Avere d('ter- 
mined in samples AA’eighed in the. air-dry condition. 

METHOD OF DETERMINATION OF IODINE 

After a consideration of McC'lendoirs metlrod, as used by himself 
and Remington { 14 , 15, the ojren-dish ashing method usr'tl by 
Remington, Culp, and V'on Kolnitz («/), and the closrsl-combustion 
nurthorl of Karns {11, 12), the. last-mentionerl was considered the 
mo.st acc.urahq as deteiniirurd by the recovmy of addl'd iodine. It 
Avas therefoi-e adopted, in princijde, but AV'as modified to obviate the 
use of solid carbon dioxide and to lessen the cost and the* time 
re<iuired in the operation. 

The apparatus finally evolved is illustrafi'd in figure 1. The 
only point of similarity between this apparatus and that of Karns 
is the comhirstion fla.sk.'* The flask ii.sed in the.se determinations was 
a Pyrex side-neck distilling flask of 2,000 ml cairacity, with the 
side neck cut off to a length of aborrt 0 cm. A Pyrex tube, bent at 
a right angle, was fused to the middle of the body of the flask, on 
the side ojrjrosite the side neck. This tube had an inside diameter 
of 8 mm and terminated at a jioint even with the mouth of the flask. 
A straight tulie of Pyrex glass, of a diameter* only slightly .smaller 
thair the inside diameter of the neck of the flask, and of such length 
as to extend from a ])oint 6 cm beyond the end of the. neck of the 
flask to a point (> errr inside the body of the fla.sk, Avas placed as 
indicated, and attached to the neck of the flask with thin-Avalled 
rubber tubing. A rubber stopper Avas fitted into thi', outer end of tire 
straight tube mentioned; and through this .stopper were passed a 
bent tube of small diamjter for the introduction of carbon dioxide 
and a plunger for progressively raising the samjrle into the body 
of the flask as the combustion proceeds. , 

*Ma(k and Bruslier* evolved a flask similar to tho one described, but with tli(> oxygen 
inlet as well as the gas outlet fused into the bulb. 

‘'Hkashbr, E. P. Thesis, Pennsylvania State College. 1032. 
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During the use of the combustion flask llui side neck was con¬ 
nected with a cylinder of oxygen; the tula^ passing through the 
rubber stopper was connecUHl with a cylinder of carbon dioxide; 
"‘"and the right-angle tube, attached to the body of the flask, wa^ 
connected witli the manometer and absorption train—as shown in 
figure 1. The absorption vessels were adaj)talions of the suggestion 
oJ^Baumann and Met/ger (/). These \ess(‘ls consisted of a Witt 
filtering apparatus, wdthin the ground-glass joint of which were 
))laced three thicknesses of filter paper (or jiaper toweling) sufR- 
ciimtly poi'ous to allow the passage of the gases, hut serving effVc- 
lively to condense and to ivtain the iodine. Th(‘ tw'o j)arts of the 



Figutik 1 ---M(KJilk‘(l Karns fippnnitus fur the dolermmatioii of lodiuc. 


vessel were held together with clamps. With the apjiaratus de¬ 
scribed, 1 WMii’ker, using a duiflicate set-up, can make 10 combus¬ 
tions a daj" without difficulty. 

In operation, the combustion flask, oxygen cylinder, and absorp¬ 
tion train wei'c connected as shown in tlie illustration, and a slow' 
stream of oxygen was started into the flask. With the straight Pyrex 
tube outside the combustion flask, the sampl(‘, in a paper tube jdugged 
at both ends wuth cott(m, was introduced’into the tube, and raised 
by means of the j)lunger until about 1 cm of the length of the paper 
tube ])rotruded above the end of the Pyrex tube. The cotton at 
the end of the paper tube was then ignited*; the Pyrex tube, carry¬ 
ing the paper tube of sample wnis (juickly inserted in the flask; the 
rubber tubing mdiich connected the combustion flask and Pyrex tube 
was then drawm into place, and tlie combustion w^as under waj\ 
,From time to time, as the combustion jjroceeded, the sample w^as 
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olevated by means of the j)liaiger, to expose, fresh material for 
(‘ombiistioii. 

If the flame went out, as it sometimes did during the course of a 
combustiou if th(^ su])ply of oxyffeii was insufficient, the oxy^^en was 
turned oft' at once, and the carbon dioxide turned on, to extinpuisli 
the jrlowin^ fire in the samjde. This obviated the dang<u’ of 
explo.sion. /' 

After the last trace of combustible material had been l)ui*ned, th(‘ 
ap])aratus was swept out with carbon dioxide. iVfter s<*veral minub*s 
of su(*li sweeping, the a])[)aratus was disconnected; the absorption 
(rain was Mashed out with hot Avater; and the filter jia-iKU* was cut 
into strips and placed with the Avash AAater in a beaker. The (*ombus- 
tion flask Avas also washed out Avith liot Avater, and the Avashings, 
including the ash from the samjde, were placed in a s^^^arate bleaker. 
About 5 g of solid NaOIl was added to the filter pajier and wasly 
ings, and the Avdiole brought to boiling. The boiling mixture was 
filtered through pai)er in a Hiichner funnel, and the pajier thoroughly 
Avaslied Avith hot A\^ater. 

'Idle Avasliings* thus obtained Avere combined Avitli those from tin* 
combustion flask, and evaporated almost to drym‘ss. ddu; residue 
Avas then Avashed into an eva]»orating dish (nickel is preferable) and 
(‘vaporated to dryness. To the re.siduc was added approximately T) g 
of JSbiOH in pellet form, and the Avhole Avas heated over a gas burner, 
(leiitle heat Avas applied at first, but the temperature Avas gradually 
raised until fusion of the XaOTI occurred, and the (h^struction of the 
organic matter Avas accomplished. 

The melt in fh(* dish aauis allowTd to (tool; distilled water was added, 
and the disli ])la(*ed on the steam bath. When the contained solid^ 
had disintegrated,to a j)asty (tonsistency th<^ wliole Avas allow^'d to 
cool and Avas extracte(| Avith 9.^-per(*ent (dliyl alcohol, piwiously 
purified by tr(‘atm(uit Avith AgNOjj and KOII, and distillation oaci 
KOH. 

The exti'act (volume about 40 ml) was evaporated, and if the 
residue (tontained any orgajiic matt(T this was fused again with an 
(‘xctess of NaOIi, and extract(‘(^ as before. 'Fhe material thus (‘X- 
tj’acted was Avaslu^d into a J2r>-ml Erleiinmyer flask, and neutralized 
with dilute H 2 SO 1 to the end point of methyl orang(‘. (a(jU(M)Us solu¬ 
tion). One small drop of bromine, purifi(Hl by the method of Karns 
(/5), Avas then added, together Avith a glass l)ead, and tlie mixture 
shaken until a distinct orange (*olor develo])e(l. The bromin(‘ was 
then boiled oft’, and the solution cooled. A small amount of '20-per- 
(*(mt solution of KI and 5 drops of starch solution were then added, 
and the solution titrated Avith N/1,00() sodium thiosulfate solution, 
prepared accordiiig to tlie ibetJiod of Mayi‘ and Ke?*s(;hbaum {1(1), 

DISCUSSION OF METHOD OF ANALYSIS 

• 

Tt is noteworthy that at no point substMiucnt to the combustion, 
wdiich took place in a ssystem designed to catch the liliprated iodine, 
were the products containing the iodine exposed to a temperature 
much higher than the fusion jmint of NaOH (318° C.). Exposure 
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to this temperature never occurred excej^t in the presence of a con¬ 
siderable excess of NaOII, a condition wliich does not permit the 
volatilization of iodine compounds. 

The efficiency of the filter papers (or ])aper toweling) in collecting 
the iodine from the gas str(»am was attest(‘d by recovery tests, the 
results of whi(*h are giv(m in table I. 

Ktrm'ivry of indino added 1o pfdato hy the tnodified Karns 

mrlhftd 



1 Iodine 

I Iodine 

1 

1 


WeiRlil of sample (grains) 

present in 

added as 

1 Iodine recovered 


sample 

KI 




(iiimmttH 

Oarmnaft 

Gammas 

PerverU 

3. - - _ 

1) 9 

.'iO 

49 f) 

99.2 

1- - - . . - 

... 

i; H 

fit) 

57. 5 

9.'). 8 

<*.‘2 

100 

94 2 

94 2 

49 4.. . - . _ 

h 2 

too 

98.2 

98 2 

19 0. 

(> 2 

ItX) 

87 8 

87 8 

.'iO l« _ ... , - - . _ 

4,') 

75 45 

09.3 

91.3 

r>o0'__ . . 

4r) 

75 45 

72 9 

96. 0 

Avemt'e.- ..1 


.. j 


94.6 


’ 'J'hese (letermiiuitioii.s were iiiiulft after the completion of those on potatoes, the others were made before 
the (leterininalions on potatoes had been made 


AVIlile tli<‘ re(‘oV(‘ries hen^ reconled an* not perfect, they show that 
only a))])roxiniately 5 itercent of the added iodine was lost. All 
results reported are tlie nH*an of two clos(‘ly agieeing determinations. 

DISCUSSION OF KKSULTS 

'Die (|uantili(*s of iodint* found in the potatoes are sliowrt in table 2. 
For cOinenience in comparison with other work these results will be 
dis(‘ussed on the basis of air-dry material, ddie maximum (luantity of 
iodine found Avas 197 ])arts per TLS. billion, and the minimum was 9 
p.p.b. The mean iodine content of all samples, on this basis, was 70.7 
p.]>.b. On tlic basis of moisture-free material the maximum iodiiu* 
found was 210, the minimum Avas 10, and tin* mean, 77.8 p.p.b. 
These values are of about the same magnitude as those reported by 
Orr (AV), Avho found a minimum of 22, and a Jiiaximiim of 27)1 )).p.b., 
lor potatoes grown in different parts of England and Scotland. They 
arc considerably loAver, hoAvever, than the figures reported by Kern- 
ington, Cul]), and Von Kolnitz (2/), avIio fouiul tliat potatoes frinn 
South Carolina varied in iodine conteiit betAveen 87 and 554 p.p.b., 
Avith an average of 217 p.p.b. in 72 samples. Values for iodine in 
potatoes cojnf)il(‘d by Orr and Leitch {JO) im^lude analyses by ^"on 
Fellenberg {4) and by Hercus and Koberts (10), These results, to¬ 
gether with some analy.ses made by Orr and Leitch, are on the fi’esh 
basis, but assuming 25 ])ercent of dry matter, the values repoi'ted 
range from lb to 140 p.p.b. Bleyer (2), in some analyses rei)orted by 
Orr and Leitch, found between 80 and 136 p.j).b., and Brasher^* 
found between il50 and 240 p.p.b. 


‘’nH\snKK, B. I*. See footnote fi. 
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Tajile 2 .—Iodine nmient of potato samples from various Pcnnsplfuiuia eounfies 




Iodine 



Sam- 




Sam- 


pie 

(’ounty of origin 



pie 

(\)untv of origin 

no. 


Air-dry 

Moisture- 

no. 




iiasis 

free basis 





Pj) b. 

P p.b. 



1 

dcutre. - . --- - 

46 

.60 

69 

Somerset . 

2 

Crawford-.- 

61 

67 

70 

(Hinton. 

3 

Klk.-- .. 

46 

.61 

71 

Pike . 

4 

Perry.— 

101 

113 

72 

I^high --- 

6 

Cameron.. _ 

97 

106 

73 

-.<lo 

6 

Morc«r.. 

110 

129 

74 

Snyder. 

7 

York--. 

139 

149 

76 

Beaver. -. 

8 


138 

1.68 

76 


9 

Bradford--. 

99 

110 

77 

Forest 

10 

Luzerne— . 

109 

12:1 

78 

Cambria. . 

U 

Lancaster . 

122 

133 

79 

Butler.- 

12 

Snyder.-- --- , -- 

66 

62 

80 

Forest .. . . . 

13 

Indiana-. 

134 

148 

81 

Erie . . .. 

14 

Somerset. 

8;$ 

89 

82 

Venango.. 

1,6 

Monroe. 

KU 

113 


Mnion - - 

16 

Indiana-. 

197 

216 

84 

Butler -- - - 1 

17 

Cumberland _ 

61 

67 

8.6 

(Hearfleld . 

IS 

Lackawanna. - 

49 

.66 

86 

Potter . - 

19 

Taizerne .. . 

148 

163 

87 

Carbon. 

20 

Warren- -. 

99 

109 

88 

McKean . - . j 

21 

Schuylkill. 

l(¥i 

118 

89 

Luzerne .- 

22 

Bedford . 

8(i 

94 

W) 

McKean - . . - 

2,'! 

Wavne. - 

60 

66 

91 

(Vntre. .. -1 

24 

Mifflin 

116 

126 

92 

(Hawford. ... 1 

26 

Wayne. 

4S 

.62 

93 

Sullivan - - 1 

2f> 

Dauphin-- - 



!H 

Northampton .. .1 

27 

('aincron - - - 

32 

36 

96 

Arinstrong . 

28 

Clearfield- - - 

3.6 

38 

96 

Bradford- . j 

29 

Allegheney - 

20 

22 

97 

(Hearfield. i 

30 

Fayette --- .. 

6t) 

76 

98 

Bedford. . 1 

31 

Bucks.^ 

73 

80 

99 

Huntingdon . 

32 

TTmon . - 

40 

44 

100 

Adams - ' 

33 

Northumlierlund- ... 

66 

73 

101 

(Hiester.. - . 1 

34 

Huntingdon - 

t 1,66 

167 

102 

Fayette.. . 1 

36 

Venango - - 

169 

192 

103 

Beaver. .. j 

36 

Northunipton . - 

63 

68 

104 

Brailford . . . . 

37 

Perry.-* - 

73 

79 

10.6 

('’raw ford - 

3H 

Dauphin. 

86 

94 

KHl 

Susonebanna - 

39 

NorthiimberlaiKi 

.68 

66 

107 

(^larnm. -.. . 

40 

Mifflin- - - - 

2ti 

29 

108 

Schuylkill - 

11 

Philadelphla. 

162 

178 

109 

Mercer. 

42 

J lelaware. 

71 

80 

110 

Klk- . . 

43 

York .. 

33 

37 

HI 

Wyoimiig 

44 

Lebanon .. 

83 

91 

112 

Berks - . - 

45 

Delaware.- 

122 

136 

113 

Beaver 

46 

Philadelphia --- 

77 

86 

114 

Adams .. 

47 

Lancaster. 

46 

60 

116 

Northumberland 

48 

Lycoming- ... 

17 

18 

116 

Pike. 

49 

Warren - - -. 

92 

100 

117 

Blair . -. 

.60 

Elk. 

27 

30 

118 

Northampton. 

61 

.Tiiniata. .. 

61 

68 

119 

(Himbria .. _ 

62 

Brie.- - — 

140 

161 

120 

Sullivan. — . . 

.63 

Mifflin. -- 

11 

12 

121 

W ayne. 

.64 

Blair.— 

148 

161 

122 

Cameron ... 

.66 

Lawrence - 

92 

102 

1214 

Clinton.. . ... . . 

.66 

Potter. 

46 

60 

124 

Tioga -. 

,67 

Bucks --- 

39 

42 

126 

(Ireene. 

68 

Venango.- . - - . 

75 

81 

126 

Monroe. 

59 

Erie.. . 

167 

ia6 

127 

CHie.ster 

60 

Berks. 

60 

65 

128 

Columbia . - . 

61 

Lebanon. . 

47 

• .63 

129 

Armstrong-- 

62 

Perry. 

43 

46 

130 

Franklin. __ 

63 

Lycoming-- . 

8.6 

02 

131 

Wyoming... 

64 

Lackawanna. . . . . 

100 

107 

132 

Franklin. 

66 

McKean .. 

71 

77 

133 

Allegbenoy- 

66 

Bucks . - - --- 

126 

138 

134 

„ _(lo. 

67 

Westmoreland... .. 

60 

66 

136 

Blair __ . 

68 

(Hinton . 

26 

29 

136 

Franklin. . ... 


Iodine 


Air-dry Moisture- 
basis free basis 


P p.h 
4k 
0 

90 
66 

101 

69 

111 

66 

22 

119 

.'12 

91 
77 
71 
91 
96 
40 
60 
JO 

4:1 

67 

14 

67 

‘20 

H6 

99 

66 


I 


i 


66 I 
io;i ! 
47; 

.'•)K 1 

67 
26 
19 
61 
101 
70 
64 
61 
S2 
1211 
.6.1 
:i9 
44 
.6S 


127 

76 

26 

29 

6:i 

14 

26 

39 

37 
18 
67 

38 
86 
69 
19 
24 

112 

166 

67 

21 

48 


7 -* 7 > t. 

64 

10 

103 

74 

113 

64 

126 

72 

24 

132 

36 

101 

Hi) 

101 

106 

44 

66 

11 

47 
76 
1.6 
h‘J 
22 
94 
KK) 
60 
‘jr, 
7.1 
Ml 
.'3 
63 
7.1 
29 
21 
66 

109 

76 

.69 

66 

88 

134 

.68 

42 

48 

63 
61 

136 

82 

29 

32 

60 

16 

40 

42 

42 

20 

64 
42 
96 
74 
21 
27 

126 

166 

61 

2 .'! 

62 
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Iodine Content oj Pen'tmjlmnia Potatoe^ 

RELATION OP IODINE CONTENT OF POTATOES TO GEOGRAPHICAL 

DISTRIBUTION 

For the (consideration of the iodine (content of the potatoes as 
related to tlic locality of origin the iodine values were grouped and 
averaged to represent six arbitrary divisions of tlie State, as indi¬ 
cated in ligure 2. Potatoes from tlie north-central part contained 
•significantly ](^ss iodine than did j)()tato(*s from the other sections. 
Trie mean aiffercn(*e between the iodine content of potatoes grown 
in the north-central and those grown in the southeastern division was 
IU±8 p.p.b., a figure whicch may be considered significant, since the 
odds against siKch a diirerence occurring by cliance alone are 100 
to J. Tho difl’creiKce^ betwi^en tlie iodine content of the potatoes from 
the north-central section and those grown in the other four divisions 
of the State are not so significant, in the light of such statistical 
analysis, ev(m tJiough as in the case of the nortliwestern section, the 
numerical difference is greater. 



I'lncRM U.- Holnfion of iofUnc content in parts per billion ol samples of potatoes to 

KeoKraphical origin. 

RELATION OF IODINE CONTENT OF POTATOES TO SOIL TYPE 

The potato samph's were divided into groups according to the soil 
types on which they were grown. There are two predominant soil 
types in Pennsylvania, a nonglaciated, residual soil, derived from 
sandstones and shales, which comprist^s ahout 02 percent of the area 
of the State and extends over the central and southwestern portions; 
and glaciated soils of similar origin found in the nortliwestern and 
northeastern sections of the State, and covering about 24 percent of 
the total area. 

A third t^pe of soil is d(u*ived from calcareous rocks, and lies 
mainly in the long valleys of the south-central and southeastern se(‘.- 
tions; a fourth type of soil, derived from igneous rocks, is found 


4:1552—114-6 
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mainly in the southeastern section of tlie State; and a fifth type is 
of marine origin, and lies in a narrow strip along the extreme south¬ 
eastern border of the State. 

Th (3 average iodine contents of the potat(a\s from these soil types 
are shown in table ih The probable errors of the averages of groups 
3, 4, and 5 are presented because of the small numbers of samples. 

Table 3.— Iodine content of potato samples gromi on various soil types irf 

Penasylvaniu 

Mean Imline 

Soil numlwr and iypd Samples content, air- 

dry basis 


J. Dekalb and Westmoreland 

2. Volusia and associated groui»s 

3. Hagerstown. 

4. Penn and Lansdalo—. 

5. Sassafras (iimnne)__ 




Figuke 8 .—Relation of iodine content of samples of potatoes to their counties of origin. 

No significant (iifferences were found b(>tvvct‘n the average iodine 
contents of the potatoes from the different soil types except that 
the two samples grown on marine soil were unusually high in iodine. 

Figures 3 and 4 represent the distribution of the iodine of the 
potato samples by counties as compared with a generalized soil map 
of the State. The potatoes from the north-central area of non- 

f laciated soil wore comparatively low in iodine—as already noted— 
ut as many of the apparently low-iodine counties were outside this 
area as were within it. 
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Iodine Content of Pennsylve^na Potatoes\ 

VARIETY OF POTATOES AND IODINE CONTENT 

More Uian 82 percent ol‘ the potatoes studied were of soiiu^ strain 
of the I{uss(‘t vari(‘ty, and about 10 per(*ent were of the Rural New 
Yorker variety. average iodine content of those potatoes b(‘- 

longing to the former variety was 72 ji.p.b., wdiile the average iodine 
content of the Rural New^ YorkcT varitdy was C7.4 p.p.b. This 
"^iitrerence is not significant. 

RELATION OF SIZE OF POTATOES AND IODINE CONTENT 

Since wdiole ]X)tatoes have been shown to contain more iodine than 
those vvlii(‘h liave been peeled, it Avas considered possible that some 
r(dation iniglit exist betwetm size (and indirectly the ratio of surface 
to mass) and the iodine (‘ontent, but the statistical treatment of the 
data revealed no such relation. 



Fnii «E 4. rj(.'n<Tali/.i*«l soil map »»f I’einih.vhania, 


RELATION OF IODINE CONTENT OF POTATOES TO FERTILIZER 

APPLICATIONS 

Numerous workers, including Orr, Kelley, and Stuart {10)^ Von 
Fellenberg (5, 6*), Hercus ami Roberts, (/<>), and H(*rcus, ikmson, 
and Carter (/>) have shown that iodine aj)j)lied to the soil may be 
taken up by the plant, and that some fertilizer materials, notably 
Chilean sodium nitrate, contain appreciable (juantities of this ele¬ 
ment. Iji this study, the samples of potato(\s wtu'e grou])ed accord¬ 
ing to the {^mounts of nitrogen ai)plied to the crop as (*ommercial 
fertilizer, but this grouping brought to light no significant relation— 
as might have been expected in view^ of the fact that the source of 
the nitrogen of the fertilizers was not known. 
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RELATION OP IODINE OF POTATOES TO INCIDENCE OF GOITER 

Twenty-four of the 185 farm families which raised the i)otatoes 
used in this study reported one or more cases of goiter. Five of 
these families had 2 eases, there being a total of 29 cases among 
approximately 675 individuals, or an incidence of 4.3 percent. 
Attention is ctalled to the fa<*t that these reports were made by 
the farmers themselves, and minor thyroid enlargements may hav/ 
passed unnoticed. 

Only 6 instances were reported of thyroid derangement among 
the livestock of the 135 farms. 

The iodine content of the potatoes grown on farms on which 
the farm families had one or more cases of goiter was 87 p.)).b., 
Avhile the potatoes from tho other farms showed an iodine (ionhmt 
of 76 p.p.b., both figures being on a moisture-free basis. 

RELATION OF IODINE OF POTATOES TO INCIDENCE OF GOITER 

AMONG FRESHMEN AT THE PENNSYLVANIA STATE COLLEGE 

The records of the })hysical examinations given each of the past 
five incoming (dasses at the Pennsylvania State College were ex¬ 
amined to det>ermiTie the incidence of goiter among the 6,354 indi¬ 
viduals composing this group. In other studies of this group it 
has been determined that the rural-urban distribution among these 
students agrees very closely with su(h distribution of the population 
of the State as a whole, as determined by the (*ensus figures. Of 
the 6,354 individuals examined, 5,405 were males and 950 were 
females. 

The frequency of goiter among the student population included 
in this survey was 2.9 pendent. Several otlier surveys made in ])ast. 
years by various individuals connechnl with the Pennsylvania Tk'- 
partment of Health indicate a state-wide incidence of goiter of 
between 2 and 3 percent,^ 

In consideration of the slight incidence of goiter in th(‘, Stal<*, 
and the uncertain significance of the iodine contiuit of ])otatoes as 
indicative of the iodine cordent <d* tlu* diet as a whole, no signifi¬ 
cant CxOrrelation was to [)e <*xpected fr(H»i this comparison, and nc)n(' 
was found. 

SUMMARY 

One hundred and fiiirty-five samples of potatoes, grown in as 
many localities in Pennsylvania, were analyzed for iodiiu*, by a 
modification of tiu' method of Karns. The minimum iodine con¬ 
tent w^as found to bo 10 p.}).!)., the maximum 216 p.]).b., and the 
moan 77.8 p.p.b., expressed on a moisturc-frec basis. 

The mean iodine cont(‘nt (>f the potatoes grown in the southeastern 
section of thi^ Stafe was found to lie significantly higher than that 
of the potatoes grown in the north-central section, but no other 
sectional differences in iodine content w^ere significant. 

The analyses of potatoes grown on five different soil types in 
the State showeel tliat those gi*owTi on glaciated soils contained 
slightly more iodine than did those grown on similar nonglaciated 


’ Wood, II. B. Personal communication. 
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typi^s. Two sa/inples of potatoes ^rown oji luarijie soil showed a 
much higher iodine content. The iodine contcuit of the potatoes 
analyzed was apparently not affe,cted by the fertilization. 

No significant correlation was found between the iodine content 
of the j)()tat(x>s and the size of the individual i)otatoes, nor between 
th(i iodine content and variety. 

^.Medical examination of 0,^54 students at the Pennsylvania Stafe 
College during the past 5 ytairs showed a goiter in(*iden(*e of 2.1) 
percent. No significant correlation was found l)etween the iodine 
cont(‘nt of the potatoes from the different ])arts of the State and 
the incidence of goiter in the same localities, as indicated by the 
examination of these studcuits. 

A similar study of the ndatiou of llu' iodine' content of th<* potatoes 
and the lncid('nc(‘ of goit('r among tlu' farm families showed no 
significant n'lation betvNcen th(‘ two. 'Vho goit(‘j* incitlence in tlu' 
farm familic's was p('i‘cent. The potato('s from fanns u})on which 
th(*re w<‘re one oi* more' cases of goiter showed a considi'iably higher 
iodine conttmt- than tlmse from farms on which no goiter was 
i(‘[)oi*t(‘d. 
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COMPARATIVE VALUE OF SOME COMMERCIAL PROTEIN 
SUPPLEMENTS IN THE RATIONS OF GROWING CHICKS ^ 


Ity 0. Johnson, axgixtant chamtHt, and D. Bb\zik, anKisimit poultry hunhaniltnait, 
^, WatiMniitoii. Agricultural Experiment station 

INTRODUCTION 

Aiuoiif!; tli<‘ iiioro, iiupoilant sources of Jjnjteiu coiiceiiti-ates avail- 
fihle to tlie coiiiiiiei'<'iul poultrymeu in the State of AVasliington are 
milk ]jro<luctH, ti'inimings fi-om meat-packing plants, and byproducts 
from lish caimeric's. Wide variations liave l)een observed in the 
results obtained by the. use of these tiitferent concentrates. 'I'he 
e.vperiinent here reconh'd was conducted to determine the, Iwding 
value. C)f these different protein concentrates and blends of these 
concentrates wlnm u.s<'d in chick I'ations i‘<*comm(*nde<l by the State 
College.- 

EXPERIMENTAL METHODS AND MATERIALS 

A group of Single (k)mb White Leghorn chicks was obtained 
from commercial hatchery stock. From this group, 5) lots of 20 
chicks each were, so selected that at the, l)eginning of the trials the 
chicks in all lots j)o.ssessed uniform physical characteristics. The, 
lots of chicks wetv broo<ied for 8 weeks under the conditions desci’ibed 
by St. John, (’arver. Helphrey, Miller, and Ca.s.sel." The feed coji- 
siimption and individual chick weights at biweekly periods were 
rectoiyled and observations were made on the j)hysical condition and 
mortality of the chicks. The excreta were collected daily and sam¬ 
pled ac<rording to the method described by St. John and Johnson. ‘ 

The all-mash basal ration was made uj) as follows: 40 pounds 
ground yellow corn; 20 ]H)unds ground wheat; 10 ]>ouiiils ground 
oats; 10 pounds white-wheat bran; 4 pounds dehydrated alfalfa; 1.5 
X>ounds steamed bone meal; 1.5 pounds oyster-shell flour; 0.7.5 pound 
salt; and 0.25 pound cod-liv(‘r oil. The pi'()tein concenti-ates were ad¬ 
justed to a 34 percent protein level with cornstarch, so that 12 pounds 
of the diluted concentrate with 88 pounds of the basal ration gave a 
protein content of approximately 14 percent for the completed ration. 

Previous investigations at this .station by Cai'ver, St. John, 
Aspinall, and Flor “ have shown that 14 })ercent of imotein is clo.se 

^ for piihlifiititm June 7. ihniihI 10.^4. Puhli.shefI as Soienfiflp 

J'aiJpr no. ColifL'o of AKriculfuro iiiid Kxppriinon! Station, State Pollegt* of SVasti- 

iiijurloii. • 

^ This work was done cooperatively by the Divisions of Poultry Husbandry and 
Chemistry. 
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to ilie lowej* level of protein consistent with optinuun growth, uinl 
therefore variations in the value of the various concentrates should 
bring out differences which w^ouJd not Ik* ai)parent if the percentage 
of })rotein mmu’c closer to the excessive level. Table 1 gives the data 
on the rations used for eacli lot of chicks. 


Tahle 1.— Afialj/ses {percent) of the complete ration compoaed of 88 pomdn^ in 
banal ration and 12 pomds of the mixture o/ eonevntrate and vonistarch 


jOI 

Trottiln wniceotrulo 

Protein 
m con- 

Protein 
in total 

no 


(I'Tit rate 

ration 

70 

Argontim* meat Honip- - 

Vico unjiit scrap - -- 

41 00 

14.22 

71 

01 70 

14.40 

72 

Alaska herniiji: meal .. ... 

7.{ 00 

14 ao 

7d 

Fish shreds..- . 

.Ml (K) 

14 20 

74 

Skim-milk powder.. ..— 

ao .M) 

J4..'i7 

7A 

Blend 4 i>eroent (inch Argontine meat scrap, herring meal, skim* 
milk powder......1 

! 

1 . 

14.10 

70 

Blend 4 pendent each Argentine meat scrap, herring meal, skim- 

. 


77 j 

milk powder; minerals changed to 1 percent oyster-shell floiu, 2 

porcwit cornstarch.— .... 

Blend. 4 iieroent each Argentine meat scrap, herring meal, skmi- 
milk powder, minerals changed to 2 tierc-ent oyster-shell Hour, 1 

1 percent cornstarch.— , . . 


14 10 

i:t 05 

78 

Blend* 4 pert'ent each Vico meat scrap, tish shreds, skiiii-inilk fiowder 


1 14 35 


Asli in 
total 
ration 


n iU 
<i. 3K 
Ck 47 
( 5 . (ir> 
A u;; 

(i 7(i 


7) 2-t 


T). 94 
6 


RESULTS 


In considering the efficiency of the vaT'ions protein coiutentrates 
used, the most important ciiterion f!*om the* commercial ])Oultryman s 
])C)int of view is tlie actual growth response of the chicks. The 



* CHICKENS (LOT NO.) 

lOnuKK 1 —Orowth of chickn w>*en fed various protein, coiicentratos (indicated by iium 
bers) for a period of 8 weeks. 

growth curves for the 8-week periods are shown in figure 1. To 
facilitate comparison, these curves are presented in the order of* 
descending value. . 

The growth of the chicks in lot 72 is strikingly better (525) tha/ 
tlu|t in any of the other lots, while the growth in lot 70 is decidedly 
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poorer (289). The other lots have a medium value between these; 
two, ranging from to 414 g. Miller and Beaise ^ reported from 
the Western Wasliington Experiment Station, a similar trial in 
which a ration containing 17 percent of protein was used and 14 
houi's of liglit, as compared with 14 per(*ent of protein and 12 hours 
of light in this test. They obtained better growth for all lots. The 
Hii^wer ]ev(d of protein (unployed in the present experiment is perhaps 
res7)onsil)le for the smaller growth obtained, but this low level of 
protein would also accrmtiiate any differences in the comparative 
feeding value of <1 h^ different jirotein supplements used. In the 
general apjiearance of tlie birds there were no marked differences 
between lots other than those to be expected in view of the differ- 
en(‘es in growth. From the growth response of the liirds it would 
seem that herring meal, the protein supjdement used in the ration fed 
lot 72, was a much better supplement than the otlu'r concentrates, and 
su))erior particularly to the Argentine meat scrap used in the ration 
fed lot 70. 

The biological valu(*s for the protein sup|)lements fed the different 
lots of chicks were det(‘rmined by the metliod described by St. John, 
Johnson, Carver, and Moore.’' These values are given in table 2. 

TAanu li.— liioloffical values of protcM supplcmevts, based on average chick 
'freights for the 2-weck ptrlods 


Biological value of protein supplement foci to lot no -- 


Period 

_ - - 

- 

— . 

— 


— 

- 


-' - 


7(1 1 

71 

72 

73 

74 

75 

70 

77 

7K 

Firs! i‘ weeks.. 

1 

h’J i) 1 

m. 3 

03 r> 

59 2 

OJ 4 

58.1 

02 9 

(>5 1 

07. 5 

2 to 4 weeks. 

(.2 7 I 

59. S 

Cd. 5 

55 2 

5S 5 

05.2 

58 8 

07 0 

70. S 

Ue (5 weeks . 

(’.2 3 


(>4 4 

.59 1 

()5 3 

57.0 ! 

02 h 

05 9 

01 0 

6 to s weeks.,. 

71 7 ! 

72 1 

71 2 

(hi 0 

04 9 

09 1 ! 

03. 2 

70 0 

70 S 

Average. 

01.9 j 

01 0 

1 

05.1 

j 69.1 

1 

02 5 

! 02 5 

i 01.9 

i _1 

1 67.1 

67. 5 


Thert‘. does not appear to be any signiticant relation between the 
actual percentage of protein retained by the chi(*ks and their growth. 
WTuiii tlie gain in weight per gram of protein ingested is considered, 
however, there appear variations which are signiticant. The gains 
in weight per gram of protein ingested are given in table 3. 

The chicks in lot 72 made the greatest gain in weight per gram of 
protein for the first (> weeks. The biological values oi lot 72 di<I 
not differ greatly from those of lot 7t), which made the lowest gain 
p(U* gram of i)r()tein and also showed the [loorest growth response. 
The chicks in all lots had fr<*e access to an unlimited feed sup])ly, 
since it was desired to study their reaction under conditions as 
iK'arly comparable to those in the field as would be consistent with 
controlled experimental ])i-ocedure. The amount of feed consum(‘d 
l)y the chicks varied greatly betwT.en lots* and the variations in 
growth of the chicks in the different lots may Ini ex])lained on this 
basis. 


W. M, uikI Bkausic, 0, K. Uiil>nblishc(1 coniiuunlciition. 1933. 

John, J. L., Johnson, O., Carver, J. S., and Moore, S. A. a method of m- 

TEifcjllNlNG THE RIOUJOU’AL VAMJK OF FROTEIN IN THE STUDY OF AVIAN NUI'UITION. JOUI*. 
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Tabi.b \i,—(}ain in chick 'u>eiffht (ffrmm) per gram of protein coms'mwU, and 
average ireight (grams) of feed consumed per chick, when various protein 
supplcmcmds mre fed 

GAIN IN WEIGHT 


Period 

r,ot 70 

Lot 71 

Lot 72 

Tiol 1 •> 

Lot 74 

Lot 76 

Lot 76 

Lot, 77 

Lot 78 

First 2 weekh.,_. 

2.02 

2.43 i 

2.60 

2.34 

2 34 

2 48 

2 63 

2.32 

r..] 

2 to 4 weeks. 

1.7fi 

1.82 1 

2.34 

2 12 

1 96 

2 28 

2.03 1 

1.86 

M.84 

4 to 6 weeks. . ... 

1.86 

2.11 1 

2.48 

2.20 

1 97 

2 09 

2. 26 1 

J.72 

1.82 

6 to 8 weeks. 

1.31 

1.64 1 

1.78 

1.74 

1 76 

1 76 

1 97 

1 73 

1 79 

Average. 

1.70 

1 

1.87 

2.14 

2.(W 

1.92 

2.08 

2.19 

1.81 

1 86 


FEED CONSUMED PEli CHICK 


First 2 weeks.. 

103.3 

109 9 

134.7 

102 8 

1 

107.5 

102 3 

111 s 

1 119.8 

107. 0 

2 to 4 weeks. 

178.4 

211 4 

266 8 

193 6 

201 4 1 

215.4 

210 4 

1 245.2 

211.2 

4 to 6 weeks.. 

283. 2 

am 1 

421.9 

319.1 

296.8 1 

361 7 1 

1 307,3 

363.6 

343 2 

6 to 8 weeks.. 

562,1 

666. 5 

780.0 

602.7 j 

598 6 

663.6 1 

[ 596.2 

1 608.4 

612 6 

Average... 

1.104 0 

1,214 9 

1,596.2 

1.179.8 1 

1,185 8 

1,333.1 I 

1,184 8 

1,337.0 

1.274 0 


The birds in lot 72 (X)nsninod more fe^^l and made <i;reater ^ains 
per gram of protein ingested than those of any of the other groups. 
'Fhe amount of feed consumed by lot 70 while tin* lowest for all the 
groups, was not sufficiently low to accoiint for the [)oor growth of 
this pen. In the case of lot 70, poor growth may have been dm*, to 
the nigh ash content of the ration. Frasier and Annonen,** using 
tlie same kind of meat scraj) that wms employed in this study, found 
evidence of a close*, association betwwn high-ash content and low^ 
chick weight. As the analyses in table 1 shoAv, lot 70 is the only 
lot to which this conclusion (‘an be a|>plied. Factors other than 
protein tliat might luive influenced the irsults of this stu(^y are 
now being investigated. 

SUMMARY 

A study was made to determine the valm* of various protein con¬ 
centrate's used as suj)})lements to chick rations. The ])rotein in the 
ration was maintained at approximately 14 pm-cent for all lots 
of chicks. ^ 

Tlie (‘hicks fed Alaska herring m(*al made* the best growth, those 
fed Argentine meat scraj) made the poorest, while those fed the 
concentrates and blends of concentrate's showed a growth abeuil 
midway between the two. 

The biological values were determined for each lot of chicks, but 
could not be associatexi with other data to show that the better 
growth in some lots was due to a better utilization of the*, protein in 
the ratiem. 

While the lot show^ing the greatest gain in weight ])er gram of 
}>rotein ingested made, the l)est growth, this association did not 
hold for the other lots. The lot making the greatest gain per gram 
of protein also showed the greatest feed consumption., 

^Fjrasibk, P. W., and Annonbn, W. biolucjitai, valuks of fish mkahs and mkat 
MEATiS. Unpublished thesis. State Colk*ge of Washington. 1032, 
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STUDIES ON ARMILLARIA MELLEA (VAHL) QUEL., 
INFECTION, PARASITISM, AND HOST RESISTANCE ‘ 

By Harold E. Thomas 

Asaistmit plant patholof/ifit, Califomm AgrieuUaral Experiment station 

INTRODUCTION 

ArmJUana nieUca lias loii^ been re(*()^nized as an iiniiortant plant 
parasite, mainly attacking forest and fruit trees and causing in them 
a serious root rot. It grows luxuriantly as a saprophyte on the dead 
loots and stumps of trees and, according to Kusano (^5),- may also 
act in a mycorrhizal relationship. 

A great deal of effort has been expended upon control measures in 
many parts of the world, but with little success. Much has been 
said about resistant rootstocks, but practically nothing is known 
regarding the nature of resistance to this fungus. The jiresent w’ork 
had as its object a study of the nuale of entrance, the n^sistance of 
various rootstocks, and the nature of such resistance. It was 
believed tliat more was to be gained by examining a considerable 
number of different hosts tlian l)y conlining the investigations to a 
more exhaustive study of one susceiitible and one resistant host. The 
principal jiart of the study dealt with a histological and cytological 
investigation of the mode of infection of susceptible and resistant 
hosts« The term infection ” as here used means either the pene¬ 
tration of the fungus into the host without further development, or 
])enetration with subsequent production of a diseased condition. 
Further work was undertaken on the nature of resistance. 

Not much definite knowledge exists as to susceptible and non- 
susceptiblc roots or tubers. In this study those rootstocks or plants 
which usually escape destruction in "^Armtlletria sjiots ” (soil areas 
Avhere the disease occurs) will be considered as resistant, and those 
usually destroyed as susceptible. 

REVIEW OF LITERATURE 

The method of invasion of tree roots by ArmUlcmei^ whether 
through wmunds or through the healthy bark, received some atten¬ 
tion from the early German workers. ’Hartig 16) in 1873 and 
1874 was the first to establish the fact thSit Anidllcma mcllea (then 
called Agarlcm melleus) was the cause of a serious root disease, 

^ Received for publioaUon July 26, 193R; issued Aptil 1934. Contribution from the 
Division of Plant Patholojjy, l^niverslty of California, Berkeley, Calif. 

2 Reference is made by number (Italic) to Llteratnrei Cited, p. 216. 
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which had been known for some time but which was believed to be 
due to an excess of resin. He further proved the connection between 
the rhizornorphs and the fruiting bodies. At that time he was unable 
to determine whether the fungus entered through a sound root of 
the attacked conifer or through a wound. He observed, howevei*, 
that when trees were close together none escaped the disease. At 
a later date he (16) concluded that the rhizornorphs penetrate tlu* 
sound roots of conifers and that wounds in the roots are not necessary 
to allow entrance; he gave no details of the fungal invasion. He 
was uncertain as to the entrance of the fungus into plum and cherry 
but considered it a parasite on them. In 1894, after experimenting 
with oaks in which he cut the top otf and allowed the roots to sprout, 
Hartig {17) concluded that Armillarm is a wound parasite and is 
unable to enter uninjured roots, that if the tissue is in an active grow¬ 
ing state the fungus does not invade it, and that only resting tissues 
are attacked. Later work {18)^ however, caused him to modify his 
view. When healthy oaks luid a singh' root removed and left for 
•2 years before being examined, it was found that tlu‘ cuts were 
('overed with rhizornorphs, that the fungus had ])enetrated for a 
depth of 3 mill, and was there held in check with no further pene¬ 
tration into the wood or cortex. From this he concluded tliat 
the fungus was not a parasite on a healthy oak, not even a wound 
parasite. 

Brefeld {6) developed methods for growing this fungus in pure 
culture and used these cultures to infect thick, freshly dug roots of 
the Scotch pine, on which he stated the fungus most» often occurred 
parasitically. He dug out and brought tlie roots “uninjured and 
fresh ” into direct contact with the tips of the rhizornorphs. Pene¬ 
tration occurred at once, and the fungus emerged at the cut end 
between the bark and wood after 5 to 7 days. Tlie act of pimetra- 
tion was said to require 1 to 2 days, but no descrijition or illustration 
of the exact process is given. It is stated that the rhizomorph as 
it creeps over the surface of the root foims lateral branches wliich 
])enetrate directly into the root; or the tip itself may enter. Hiley 
{^1) and Zeller {1^6) do not believe this method to lie capable of 
testing the normal rhizdmorphic invasion into healthy, uninjui*ed 
roots. They believe it is impossible to remove roots fVom the soil 
without some undetectable surface injury and do not consider roots 
to be in a healthy, living condition when so treated. Evidence ob¬ 
tained in the examination of Austrian forests is presented by Cieslar 
{10) vfho concluded from his field observations that entrance by 
AnYiUlaria into the roots of oak, ash, and elm is gained through 
wounds in the crown or the roots below it. The fungus sometimes 
found in irregularities oiu the surface of oak and elm roots was 
always walled ojff by a periderm layer before it penetrated to the 
cambiunt. He notes the importance of insect injuries as a means oi 
gaining entrance. De Bary {i) in 1884 stated that the strands pene¬ 
trate into the healthy living cortex of roots of healthy trees, espe¬ 
cially the conifers, but he probably accepted Hartig’s wiews. 

It thus appears that the early (lej*maii workers were fairly well 
agreed that the fungus can enter the sound living bark of conifers, 
but can only enter the broadleaf trees through some wound in th, 
bayk. They give none of the details of actual penetration nor (|,) 
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they state how the fungus enters the sound cortex. Brofeld makes 
the statement that branches of the rhizomorph form on the lower 
side and penetrate directly but does not state how the entrance 
takes place. 

Ne^er {82) in 1008 very briefly described the penetration of the 
jhizomoi’pli into the roots of the silver fir. He found, in trees dis- 
jilaying a dying-back of the lower branches, a network of rhizornorphs 
surrounding the taproot and in some places entering the bark. At 
such ]K)ints an appresorium or suction plate had formed, from 
which the penetrating rhizomorph branch grew. The latter first 
enters the outer dead portion of the bark and later pushes through 
the cork into the tissue below. New and deeper layers of cork then 
form, but Neger observed that these are often in turn penetrated by 
the rhizomorph. 

In 1911 Kusano {26) investigated the relation of Armjillaria 
imlUa to a Japanese oi*cliid, Gastvodia clata^ to which the fungus 
acts in a niycorrliizal connection. He states that the rhizomorph 
grows on the surface of the tuber, fastens itself to it, and sends infec¬ 
tion branches into the tissues of the tuber. In so doing the fungus 
fii-st dissolves the outermost suberized cork cells and then by dis¬ 
solution of the dividing walls attacks the underlying living cells 
forming a “lysigenic space for the advance of the growing infec¬ 
tion strand.” The single hyphae which composed the infecting 
rhizomorph tlum enter the surrounding cells as single mycelial 
thr(‘ads and no longer maintain the rhizomorphic structure. The 
symbiosis is estalilished. Kusano further observed that the fungus 
may at times attach the Gastrodia tuber parasitically and in so doing 
causes compression and a brownish discoloration of the cells sur- 
rouTiding the infecting strand. This is not apparent in the sym¬ 
biotic relation. During the investigation Kusano also found the 
fungus attacking potato tubers parasitically. lie concludes that 
the action on the potato is much the same in its general aspect 
as the parasitic action on the Gasirod'ia tuber. The work of Kusano 
a])])lies to such parenchyma tissue as that of a tuber. 

It cannot be assumed, without further proof, that entranc^e into the 
hard tissue of a root takes plac^e in exactly the same manner. Horne 
{22) has studied the general aspects of the ArmillaTia problem, prob¬ 
ably more thoroughly than any other American worker, but he has 
dealt with the subject mainly from a practical point of view and not 
from the standpoint of detailed microscopical study. As to pene¬ 
tration he suggests that— 

when the tip of the rhizoinorj)h comes to a healthy root the very small micro- 
s('opical threads of which it is composed, seem to loosen like the cut end of a 
rope and the individual threads penetrate into the bark and start a new 
infection. 

It would be assumed from this that the .author believes penetra¬ 
tion is through the sound healthy bark. Nechleba (51), observing the 
behavior of A. wAha in forest trees, considers wounds or a decrease 
in the vigor of the host essential to entrance of the fungus. Barss 
(5) believes that rhizornorphs may penetrate into healthy bark but 
'^ore often gain entrance through injured roots or crowns. Hiley 
'‘f, p. 159) studied th§ ArmAl-aria root rot of the larch under 
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forest conditions in England, lie makes some rather sweeping 
statements regarding the penetration of fungi into tree i^oots. 

Though the early pathologists seem <*omiiioiily to have turepted the theory 
that fungi pierce the sound bark of trees, no authenticated instance of this has 
ever been recorded, and the trend of recent oi)inion has b(*en more and more in 
the direction of admitting the iK>ssibility of infection oiilj’ by wounds or ]>y 
outflanking the bark protivtion, 

Hile}^ fiirtlier states: The mode of infection employed by 
Arm/Ulwria mellea has never been critically examined * * * ” and 

considers the problem a difficult one to elucidate. He maintains that 
with rhizomor])hic infection it is * still a question whether 

entrance is effected (i) through healthy, uninjured bark, (ii) 
through wounds, or (iii) through dead roots ”, and that liis (^bserva« 
tions support the view that rhizomori)hs can enter only through 
damaged or dead roots. Samofal {SU) concluded after 20 years' 
(observations in the })in(‘. forests in the ProviiuTS of Cliernigof and 
Kief in Ukraine that ^1. in^eHea seems tx> he a [)arasit(‘ ajid saprophyte 
on (ionifers and only a saprophyte^ on hroa^lleaf trees, gaining 
entrance to the latter wlieii the roots have been injured. 

Zeller (.^6’) in 1920 concluded tliat in rhizomorphic infection, 
Horne’s idea of joenetration in which the singh*. tlireads of the 
rhizomorjih strand enter individually (‘omes the nearest to de¬ 
scribing actual inf(3ction.” Hc^ observed that healthy I'oots during 
their growth sometimes come into very close contact with diseased 
roots and tliat the healthy roots Imc-ome dis(‘as(Hl at the point of 
contact. Without following the actual ])r()C("ss he postulates that 
toxic siibstan(3es prodiKX'd by the growth of tlu^ fungus in the dis¬ 
eased root, upon coining in contact with tin* h(‘althy bark, enter 
through the lenticels, causing a sliallow disorganized spot in the 
tissue whicii blisters and later flakes witli the d(*v(‘l()pment of (a>rk 
under it. The ])roc(3ss is rej)eated until s(‘\'eral layiu’s of flak(‘s 
form and the fungus Anally ])asses into the cambium. He thinks 
this action resembles a type of “burning” which may occur when 
organic debris is brought into close contact with ycuing liark. He 
believes that further eviihuK'e of the toxii^ substames jirodiiced by 
this decay is seen in the effect on tlie top of the tree. 

Another theory on penetration advam^ed by Zelh^r deals with the 
entranc^o of the vegetative mycelium of ArmiVarUi at the point of 
emergence of lateral roots, through the rupture in the bark paren¬ 
chyma made by the r(K)t in forcing through. From the tlu^ories 
presented by this author it is evident that he consicleis a wound or 
other disturbance necessary before AriihiUarm can enter. The 
method of entrance by contacit of diseased and healthy roots is 
alluded to in the writings of other authors, among whom are Law¬ 
rence (^^), Barrett (2), Birmingham (5), Hendrickson {20)^ and 
Samofal (36 ); and the phenomenon has undoubtedly been observed 
by many others who make no mention of it. Old roots or root pieces 
may live for many years in the soil and remain as a sgurce of infec¬ 
tion by this method. 

While the experimental work reported on later in this paper was 
in progre^ an article by Day (12) appeared, which did not come t.' 
the attration of the author until this worl^ was completed. In wla 
describes and illustrates the mode of entrance emplo;]^lA 
^ the rnizomorph in the infection of conifers and Jdiscusses ^ 
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susceptibility to attack. He examined and studied naturally infected 
roots taken from the forest and in so doing recognized the possibility 
that it would perhaps have been better had it been collected from 
sucli trees specially inoculated with, or exposed to, attack by a pure 
culture of the fungus.” Day concJuded that the attack of ArnhUlaria 
mellea is solely by rhizomorphs. Attachment of this organ to the 
Host is quite apart from penetration and occurs when the rhizomorph 
grows into the dead, outer cork cells. The fungus appears to exert a 
toxic influence upon the host tissue under the i*hizomorph as a l)re- 
liminary to jieiietration. The rhizomorphs jienetrate the cork by 
dissolution instead of by mechanical rupture. A toxic influence pre¬ 
cedes the advance of the rhizomorph. Secondary cork layers form to 
jirevent entry of the parasite. 'This pro(‘ess continues in some in¬ 
stances and invagination results. Tlie evidence indicates that A, 
mellea is able to pemdrate an uninjured and aiipareiitly healthy host. 
Observations in the forest lexl this author to the ojiinion that varia¬ 
tions in suscej)tibilitv to atta(‘k among specie's of conifei*s do not 
coimude with their suscejitibility to death aft(‘r atta(‘k and is possibly 
ac(50unted for by ext<‘rnal environmental factors. Day has undoubt¬ 
edly contrihuted mon* tluin any other worker to the solution of the 
problem of the method by wliich d. mellea enters its hosts. His work 
is, however, (‘oncerned only with coniferous roots. 

Raynor (*>'•>) using a pure culture of AemillaeUi mellea failed to 
obtain satisfactory infection in inocmlated sc'edling Corsican pine 
and Douglas fir grown aseptically in sand. Tmder the conditions of 
the experiment the fungus did not organize rhizomorphs, and it is 
stated only small cankers, subsequently exfoliated, were pi'oduced 
by the action of single mycelial threads. Such cankeivs on roots were 
|)ractically (*onfined to the neigliborh(K)d of emerging laterals. 

From this review it is seen that there still exists some dispute 
concerning the details of infection, at least in woody plants and 
trees; that no critical microscopical studies have been reported re¬ 
garding the mode of entrance into tree roots under controlled condi¬ 
tions; that no systematic attompt to investigate and comj^are j)ene- 
tration into the so-called resistant and nonresistant rootstocks has 
been rej)orted; and that little or nothing is known regarding the 
nature of host resistance. 

METHODS 

The culture of Amnillarla 'mellea used throughout this study was 
made from a root of an old prune tree {Pniwm domestlca) killed by 
the fungus. A culture was thus obtained from a strain known to be 
parasitic, which miglit not be the case ii a single-spore ctdture had 
been used. The culture has been maintained on prune agar since 
isolation. Material used for soil inoculation was cultured on prim¬ 
ings from fruit trees autoclaved in battery jars wdth water, almost 
any kind of tree being satisfactory. A piece of })lain glass was used 
to cover the jar. In this material the fungus grows rapidly and may 
fill an 8-inch jar in an interval of 2 months or less. 

Tree seedlings to be tested were growm in a screened mixture of 
Band and greennouse soil in frames set into the ground, the inoculum 
Wng placed from 5 to, 6 inches below the surface of the soil. In 
o%er to avoid root injury to the seedling through transplanting, sted 
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was ordinarily used and was planted in the upx)er 2 inches. The 
jH*a(ih j)ils were an exception; they had sprouted before jdantin^, but 
the roots did not extend down more tlian 2 inches below the soil 
surface. This nudhod eliminated, as far as })ossiblc, any root injui*y. 
Seedlings were du^ for examination at various intervals, and occa- 
sionallv one would show the stage desired. Persian (English) wah • 
iiut (JuffJam regia^ Concord variety), northern California black 
walnut (/. hindsu)^ peach {Pninus pcrsica)^ myrobalan {P. cerasif- 
era), and Fren(*h pear {Pyi'Wi coniwunis^ Winter Nelis and Sur¬ 
prise varieties) comjirised the list of seedlings used for study. All 
grew fairly well except the myrobalan, only a few of which came up 
and for some unknown reason these escaped infection. Myrobalans 
referred to later in this Avork aatu-c taken from another experiment in 
which 1-year-old seedlings Avere planted in 10-inch floAver])ots for a 
resistance test and had grown there for years. Carrots {Dmtcm 
mrotd)^ })arsnips {Pastinaea sativa)^ dalilias {Daldin. sp.), and 
potatoes {Solminm inherOHum) Avere grown in boxes of inoculated 
soil much th(* same as the tree seedlings. 

After the inoculum has been in the soil for several months, it Avill, 
on being dug and placed in a moist chamber, ])roduce a large quan¬ 
tity of rhizomorj)hs in a |)eriod of 2 to 4 weeks (pi. 1, />), and if 
kept moist these rhizomorphs Avill attain considerable length. Ob¬ 
jects like potato tubers may be brought into contact with the rhizo¬ 
morphs and the iiwasion by the fungus Avat(‘h(‘d. Sucli a method 
Avas used in some of the potato studies reported herein. 

For killing and fixing agents, liawlins’ al(‘ohol-formalin- 

acetic formula and Flemming's weaker solution Avc*Te used, and others 
tried. Flemming’s weaker solution apjAearcMl to cause a little less 
shrinkage of the rhizomorph than did tlu^ otlnu’s. Various stains 
were used during th(‘ study. Vaughan's (^^0) modification of Pi- 
aneze's 111b stain, and Flemming's triple were used most, extensively. 
The former proved to be the best, giving good ditfenmtiation of the 
fungus, the host, and the diseased tis.siie. Both ])arafrm and free- 
haiul sections were used throughout this study. Witli woody tissues 
the paraflin method is not ideal, tlie aa^ooiI usually becoming too 
hard to section perfectly. The hydrofluoric a.(*id treatment caused 
injury to the fungus and Avas Jiot generally used. In order that 
the Avhole history of the lesion l)e knoAvn, its entire length was 
always sectioned. This ])r<)ved definitely whether a AA^ound or lenti- 
eel Avas originally present at the point of entrance. 

Of the fleshy roots or tubers used for the infection study the 
potato, carrot, and parsnip were found to be susceptible, the potato 
being rather the most so. , The dahlia tuber st^nied to show more 
resistance but was not immune. Of the tree seedlings, field obser¬ 
vations indicated that the Persian walnut and peach were very 
susceptible, the myrobal9.n had some resistance, while the French 
pear and black walnut were very resistant. 

EXPERIMENTAL DATA 

ATTACHMENT OF THE RHIZOMORPH 

When the free end of the rhizomorph comes in contact with ij; 
root, it, in some cases, becomes rather firml}^ fixed. The attachment 
^brought about, partly at least, by the hardening o:^the mucily ri- 
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A, lyiizomorph entering dahlia tuber: a, Kemnants of crushed cells where branch rhizomorph originated; 
ti, disorganized tissue; c, newly formed cork. X 90. B, Parsnip; first stages of entrance by a rhizomorph • 
a, Compressed and deeply staining tissue below invading rhizomorph. X 90. 
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At Carrot completely permeated by internal rhizoraorphs. X 1. B, Rhizomorphs extending in pockets 
in the central cylinder of the carrot. X1. 
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nous substance wliicli envelops the rhizoniorpli close behind its 
white tip (pi. 1, A and B). This material, when dry, gives the 
sliiny a])pearaiice to tlu^ surface of the rliizomorph, and when it dries 
in c.ontacit with the root surface lielps in gluing the rhizoinorph to 
the root. ISingle side hyphae developing from the rhizoromph tip 
and penetrating into the ouhu* layer of cork cells act as anchors to 
hold the strand fast. In a moist chamber, on jiotatoes the rhizo- 
morph has been observed to be attached rather firmly for an inch or 
more along the surface. Usually the attachment is not continuous, 
the rliizomorph being alternately loose and joined. The base of the 
Avliite tip is sometimes firmly fastened and at other times free. This 
undoubtedly determines whether or not the rliizomorph is to become 
attached at tliat point, for after the mucilaginous substance has 
once hardeiHul, llnu'e is no means by which the rliizomorph may be¬ 
come fastened. 


. DEVELOPMENT OF A BRANCH RHIZOMORPH 

Branch(‘s normally deieloj) at the point of contael of the attached 
ihizomorph and the root surface. They appear always to develop 
where the contact is wry secure and nevi'r where the rhizoinorph 
is unattached. They are to form the piuietrating rhizomorphs 
(pi. 2, A). 'J'he branch originates in the inner cortical cells of the 
rhizomoriih where some stimulus, thought by Brefeld (6') to be a 
(!onta(*t stimulus, is set ui) causing the hyidiae of the parent rhizo- 
morjih in this region to branch laterally. These hyphae then force 
lh(‘ir way through th(* outer cortit'al cells liy tearing and crushing (»r 
otherwin* destroying them and emerge as a bratuh. A f(‘W of 
(he.toi*n cell remnants often remain (jd. li, J, a). Bi'anches may 
be fairly numerous under an attached rhizomor])h, apparently always 
de\elo|)ing on the side of the rhizomoi ph in (*ontact ivitli the host and 
seldom, if ever, from the opposite side. Their constant oc(*iUTence 
ill the one position emphasizes the importance of the stimulus or 
stimuli initiating the jirocess. 

MANNER OF PENETRATION OF THE RHIZOMORPH 
Fleshy Hoots and Tcmoiis 

It has already been seen that the rhizoinorph is apparently capable 
of attaching itself at any point on the root or tuber, and that 
bi*an(!hes form regularly where firm attachment has occurred. If 
infection now takes place, the branch must enter through the corky 
or suberized covering which protects the root or tuber. This must 
be done either by mechanical force, in which case the suberized cells 
would be either crushed or pushed aside, or by solvent action of the 
hyphae on the suberized layer with subseauent growth through the 
dissolved mass, or by the splitting apart of the cells which form the 
(!ork layer, ^t their middle lamellae, and entering in these splits. 
The manner of entrance into fleshy roots is similar in its general 
as})ects for all those investigated. After entrance has once been 
gained, details of the effect on different roots vaiy slightly. The 
first stage of entrance is illustrated in jilate 2, where the fungus 
is iireparirig to enter a parsnip. A detail at the tip of a rliizomorph 
‘is shown in plate 3, A, in which tlie initial stage of entrance into 
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a carrot is illustrated. It is readily seen that the rhizomorph enters 
as a unit, that the hyphae composing the penetrating rhizomorph 
tip are acting en masse, and that there are no single threads 
extending beyond this mass. 

Up to this stage entrance is by mechanical force, the host cells 
under the rhizomorph being pushed in and slightly compressed. 
There is no destruction of tissue and very little evidence, if any, that 
there is any solvent action upon the suberized layer and certainly no 
splitting of these cells at the middle lamellae with penetration 
through the splits. But it will be noticed in plate 2, //, that the walls 
of the cells at a under the two outer layers of cork cells are stained 
very deeply, while similar cells not in this region do not take this 
heavy stain. This gives evidence that these cells are not normal and 
may be affected by something given off from the tip of the penetrating 
rhizomorph. The tip of the invading branch continuers to push in, 
finally penetrating through the suberized layer into the tissia^ 
below. There is distinct evidence that mechanical pressure is playing 
a part, since some of the collai)scd cells surrounding the tip are 
pushed to the side. 

The formation of secondary branches by the peneti'atiiig rhizo¬ 
morph often occurs at the next stage of growth in a fleshy root or 
tuber. Plate 3, /f, d to illustrates such branching in a carrot. 
This particular section shows the parent rhizomorph {a) on the sur¬ 
face of the carrot but the branching from it of the infection rhizo- 
morplis (6 and c) does not show at their point of emergence, which 
is demonstrated in a later section where the two branches originate 
at about the same place on the parent, one from either .side. In the 
section shown, after penetration has occurred, the brancdies (6 and 
c) appear almost as one. Each shows the start of^two or more 
branches which will soon develop, and from here the spread in a 
susceptible host is fairW rapid. After a young branch (pi. 3, d 
to i) has attained a little more extension it sends out from near its 
base single hypae which spread into the surrounding tissue and con¬ 
tinue the destruction of the host cylhilar structure. As the tip of 
the branch extends, these side hyphae follow, growing out perpendic¬ 
ularly to its surface. In an adVaiicing rhizomorph they were never 
found to extend ahead of the tip, but in one no longer extending 
they would probably be found growinji^ from the tip. The cells 
immediately surrounding the secondary branches, as well as the pri¬ 
mary invading branch, are affected chemically; their walls are closely 
compressed and the whole so changed that they now present only an 
indistinguishable mass, which with Pianeze’s stain takes a dark-green 
color indicating death and partial destruction of the cells (pl.3,Zf,;/). 
For two, three, or^ more cells deep around this mass the stain is 
not taken normally (^). The walls may become a pale yellowish 
green if they assume any color at all. In some hosts they are slightly 
brown and fail to take the stain. The cell contents, if such are 
present, assume an even paler green. Beyond this (1) the cells 
appear normal, and both wall and contents take a pink stain. Ob¬ 
served macroscopically from the surface and in the fresh state, at the 
stage indicated in plate 3, j?, or a little later, there is found under 
the attached rhizomorph a brown area, at first small and pale brown 
but Boon enlarging and darkening at the center. It indicates that. 
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the rhizomorph has entered and is acting parasitically on the host. 
Plate 4, illustrates a late stage in the destruction of the carrot. 

Plate 2. illustrates a case soon after penetration has taken place 
in the danlia, a somewhat resistant root. The branch of the rhizo¬ 
morph has pushed through the cork layer intact down into the tissue 
under it and is affecting it chemically, as indicated by the diff*erent 
staining reaction at (6). Up to tliis point there has been no essen¬ 
tial difference in detail between penetration into the susceptible or 
resistant roots, but now a difference is observable. Under the mass 
of affected cells in the resistant dahlia there lias been formed by the 
host a layer of cork, which walls off from the remaining part of the 
tuber the disorganized area surrounding the entering rhizomorph, 
and further development of tlie latter appears stopped. In i)late 
2, A^ this layer of cork (c) aiijiears as a line of dividing cells, but 
when stained with Sudan 111 it gives the typical test for suberized 
walls. The development of this suberized layer around the infection 
branch is a rather constant response^ of this host to invasion by the 
fungus. Of rd cases examined each showed a corky layer, or dividing 
cells prei)aratory to its formation, soon after entrance into the tuber 
had been effected. In the susceptible carrot and parsnip an imperfect 
line of dividing cells is occasionally found, but a definite layer of 
suberized cells is seldom formed. In the potato, the most susceptible 
of the fleshy roots or tulK*rs studied, no (‘ase was found where divid¬ 
ing cells were forming. The significance of the cork layer will be 
discussed in a later iiaragraph. 

Snsc’KPTiKLK Woody Roots 

The hardening of the woody tissue during deliydration makes it 
almost impossible to cut woody sections without some tearing by the 
knife, especially of the bast fibers and hard lignified walls. Since 
only the first stages of entrance were of importance at this time, 
in most instances the bark only was removed and sectioned, there 
being no ne>ed to study the wood below. The bark alone cut more 
easily than did the bark and wood together. The Persian walnut 
proved to be exceptionally good material for this study. It has a 
more fleshy root than the peach and cuts more easily. 

The first stage of invasion is represented in plate 5, A^ where a 
small infection branch (a) is ])enetrating through the (‘ork tissue. 
The parent rhizomorph is not firmly attached to the host in this 
section, probably having been torn away during sectioning or pre¬ 
vious handling.* 

A slightly later stage is illustrated in plate 5, B. The rhizomorph 
is expanding laterally in the cork tissue, destroying some of the 
suberized cells but here extending mainly by mechanical force, 
(^emical action is, how^ever, not absent, at? indicated by the disor¬ 
ganization of the tissue below the remaining 2 or 3 layers of cork 
cells at «. This section is through the approximate center of the 
entering rhizomorph and shows the deepest point to which the rhizo¬ 
morph has penetrated. It gradually recedes as sections on either side 
are examined, leaving little doubt that the influence felt below the 
cork is ascribable to secretions of some sort from the rhizomorph 
diffusing through the remaining 2 or 3 layers of (^ork cells at 6. 
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Plate T), also shoAVs considerable disorganization under the pene¬ 
trating tip, but this is attribub^d, at least in part, to an adjoining 
deeper infeiiion at a short distanct*. from this one, Avith its influence 
extending out below tlie one illustrated. As in the case of fleshy 
roots, the infecting rhizoniorph is penetrating as a unit Avith no in¬ 
dication of single hyphae radiating out in advance. 

At the next step the rhizoniorph pushes through the remaining 
cork and doAAui into the tiKSsue bidoAv, Avhere branching usually takes 
place; its progress is essentially the same as in the fleshy roots previ¬ 
ously described. In a young Avalnut seedling, as used in this study, 
the large tap root is A^ery fleshy, being somewhat like a carrot in 
shape Avith a tapering shoulder at the top. The cortex is largely 
parenchyma tissue, enclosing a tliin Avoody cylinder surrounding a 
large pith. The intenial rliizomorphs of the lungus readily perme¬ 
ate the jiareiichyma of the cortex, quite the same as in the carrot or 
parsnip, and then grow through the thin Avoody cylinder into tlie pith 
where the groAvth is very rapid and may outstrij) that 'in the cortex. 
The groAvth is so luxuriant that the pressure exerterl bv the rliizo- 
morphs as tliey expand in the pith is sufficient at times to split the 
main root of the small seedling longiiudinally. 

It Avas pointed out earlier that the rhizoinoridi may attach itself 
to the root for some distance and form infe(;tion branches at several 
points close together. This Avas Avell illustrated in a Avalnut root. 
A rhizomorpli was attached rather firmly for a distance? of lY,x 
inches. Sectioning of this entire length of root i‘e\i?aled the fat‘t that 
a branch of the rhizomorph had either entered or formed pr(»|)ara- 
tory to entry at each of 15 separate points'. 

Of the many walnut roots examined in this study at least two 
were found in which entraru'e had been gained at a lentictd, but in 
the majority of cases entrance Avas through the apparently uninjured 
and unaffected c(U'k layer of the root. 

Although the roots of 20 or more seedling peaches Avere found 
infected at one or more places, it so happened that non(* Avas found 
at the time when actual penetration by the rhizomorph was taking 
place. Later stages of the infection, however, did not indicate that 
penetration was different in, this root from those heretofore 
described. One feature of groAvdh in the peach root Avhich had not 
been noticed in any of those previously studied was the formation of 
cavities or pockets, filled A\dth gum, in the roots or main stem, a 
short distance beyond the i3oint Avhere the internal rhizomorj)!! 
Avas advancing. These cavities AA^erc always close to the cambium 
layer, sometimes just under it, at other times including the young 
wood and the cambium and a part of the phloem. They AA ere alAAUiys 
situated between the medullary rays, the latter seldom, if ever, being 
included in the cavity. 

. Ki:si8Tant AVoody Roots 

Seedlings grown from seed of the French pear, varieties Winter 
Nelis and Surprise, were used as resistant roots for this study. 
They were dug and examined from tinjc to time over a period of 9 
months to determine the mode of entrance of the fungus and the host 
reactions. The first stages of penetration into healthy pear tissue 
indicated that entrance was directly throu'gh the sound cork, just 
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Pl-ATE 5 



A, Persian walnut root (susceptible); first stages of penetration by a branch rhizornorph a, Infection 
branch; ft, deep staining deposit filling cells at edge of lesion X 62. Persian walnut root; rhizornorph 
spreading laterally in the cork layer causing .some compression and destruction of the cork cells a, Disor¬ 
ganized tissue; ft, a layer of cork 2 and 3 cells thick remaining between the rhizornorph branch and the 
disorganized tissue. X 62. 
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Plate 6 



Af Pear root; entering rhizomorph: a, Extending below the carnbiuin; 6, a branch entering original cork 
layer; c, ^nndary iteriderm; d, alTected wood. X 43, Ji, Pear root; detail of secondary periderm. o, I )is- 
organized tissue inside lesion; b, normal tissue outside lesion; c, phellogen X 230. 
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PLATE 7 



A, Pear root; rhizoniorjih euterinir wood below cambiuni a, New cork^ b, erushed cells. X 22. B, Peiir 
root; rhizomorph failed to |>enelrate beiow^ the onRinal cork; the wound has been walled off by a laver of 
secondary cork. X 62. 
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PLATE 8 



A, Pear root; an old deep lej!U)n healing gut: «, Remnants of old rhizomorph. X 24. B, Pear root, eamera 
lut'iaa drawing of a cross section of an affected tap root at approximate position where rhizoniorph entered 
(, Below if in the same lesion; crosshatching indicates the fungus; the very dark area the dead, browned 
wo<)d or cortex; the lighter areas the less affected wood; and the uncolored areas the normal healthy tissue. 

A 1L • 
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PLATE 10 



A, Black walnut root; old rhizomorph on surfat* walled off by new cork* a. Old rhizomorph; 6, branch 
rhizomorph which has {)enetrated original cork; c, new cork. X 38. iJ, Black walnut root, a rhizomorph 
withvsevcral branches, one of which is penetrating the secondary periderm, a, Original rhizomorph, 6, pri¬ 
mary branches, c and d, secondary branches; e, new periderm partially penetrated at point / by the 
branch rhizomorph d, g, disorganization in tissue at this point caused by rhizomorph branch d before 
completely penetrating through jieriderra t. X 28. 
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as in the susceptible walnut root. In plate 6, ^4, the rhizomorph 
has entered ^at a and is (‘uterin^* at 6, but we are hardly justified in 
considering tliis latter to l)(‘ (*ntering sound tissue, for the entrance of 
' 'the first rhizonior])h has undoubtedly causinl some disturbance in the 
cells under the second. When the invasion of the first rhizomorph 
look place some, host reaction occurred, causing the root to start 
tlie formation of a peudderm in the cortex tissue below. This shows 
as a dark line in plate 6, a. On the lesion side of this line, the 
cells are much disorganized (pi. C, a)^ whereas on the other they 
aj)pear quite normal (pi. 0, />, 7>), indicating that the influence from 
the rhizomorph, vvhat(‘.ver it may be, has been checked at this line. 
It is plainly evident that the rhizomorph in plate 6, /I, a, has not 
been check(‘d in its advance by the formation of the periderm. It 
has broken through this layer and through the cambium and is 
causing some disorganization of the cells in the wood below, as 
eviden(*ed by the dee})er staining area at d. Another instance in 
• which this secondary cork layer has been peindrated is illustrated 
in plate 7, A. 44ie s(*ction has been badly broken in cutting, but the 
im])ortant features stand out clearly. The rhizomorph has broken 
through th(‘ young cork (r/) and throtigh the cambium and is 
growing in the wood. That some me{‘hanical pressure is exerted 
is (evidenced by th(‘ crushing of the cells above the rhizomorph in the 
legion of tlie (*ambium at although this does not show clearly in 
the i)hotomicrogra[)h. 

The rhizomorph does not in all instances break through the sec¬ 
ondary cork lay(*r in the manner illustrated in the foregoing cases. 
In j)late 7, />*, is shown an instance in which tlie rhizomorph failed 
to (‘liter further than th(‘ primary cork layer. The* lesion produced 
has been definitely A\alh‘d off by th(‘ s(‘comlary ])eriderm. This (‘ork 
layer widinis witli the giowth of the root, but any sloughing of its 
outer C(‘lls is prevented by the tissue forming the lesion, which i‘e- 
mains intact on the surfa(*(‘. Tlu* loss of the outer cork cells sur¬ 
rounding the lesion finally leads to a situation where the old lesion 
is clinging to the surface of the ]>erfectly normal ajipearing root. 
With the continuation of root growth it is finally lost. 

In plate S, A, a few remnants of an old rhizomorph («,) remain at 
the (HUiter of the lesion, enough to show the probable cause of the 
injury. 4die jiarasitism of the fungus has been overcome by the host 
and the latter is now attemjiting to heal the wound Avith growth from 
the cambium. Plate 8, />, illustrates a very severe lesion in the tap 
r(K)t of a small Surprise pear seedling. This section, made at about 
the place where entry occurred, slums the destruction which may b(^ 
caus(‘d in the host and yet not kill the root. The internal rhizo- 
niorphs have split the root in half, almost completely killing one 
half and invading a part of the other, yet at this time the host has 
apparently overcome the fungus and is b(*ginning to heal over the 
wound by cambial growth. Plate 8, (\ illustrates a section lower 
doAvn inTn(^9«une lesion Avhere the root is split but less affected on the 
two sides. The fungus is making no headway other than the splitting 
of the root, and healing is progressing. INIany similar instances of 
this general effect wen*, obserAed, especially in later,examinations 
after the early infeedion liad ceased to be active. A surface view of 
a lesion is shoAvn in plate 9, 
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From data presented thus far it will be seen that I'esistance in the 
pear can hardly be accounted for by the failure of the rhizornorph to 
enter the host. Nor does it appear that any morphological obstruc¬ 
tions are present and responsible for resistance. In this host the 
fungus readily enters and may penetrate to the cambium and into the 
wood below, at times killing tissue deep in an individual root. It 
might be expected that the fungus would now be free to penetrate 
any portion of the root. A wound is established, and it (jould act as 
a wound parasite. But in the pear it fails to develop further and 
kill the tree and seems to have very little effect upon the tree other 
than at the point where the lesion occurs. In this experiment no 
cases of pear trees clearly showing abnormal yellowing or wilting of 
the top were observed. Of the hundred or more trees in each lot an 
occasional tree died, but these wore usually the small inferior ones, 
badly crowded; there was no certainty that death was due to Ar?nil- 
laria^ although the fungus was sometimes found in the roots. It may 
enter any dead root. In contrast, when the suscej)tible IVrsian wal¬ 
nut and peach are enter<*(l no such reaction occurs. The fungus on 
reaching the cambium, or before, sj)reads rapidly, usually girdling 
the root and eventually causing death to the to|). 

The black walnut I'epresents a speides exhibiting (Considerable 
resistance in the Held and has long been used as a resistant stock. 
Seed gathered from an isolated tree was ]>lanted in inoculated soil 
and the seedlings were dug from time t^) time. L('sions appearing on 
the roots were sectioned, and the penetration of tlie rlnzomorph 
was studied in 14 separate infections where the fungus had j)ene- 
trated through the root periderm. Of this number TJ liad been 
checked and walled off by cork. The remaining 2 intections be(‘ame 
deep and, at the time collected, had not l)een walled off* bj’* cork, 
although there was some indication in 1 that the sjrread bad been 
arrested. In the latter, at about the usual iH)sition wliere cork formed 
in the others, there was found a lijie of cells tlu^ contents of which 
took the stain deeply and ^showed evidence of disintegration. While 
a high percentage of the infections in the s(^edlings examined had 
been checked at the first stage of infection, i. e., after the act of 
penetration, it does not mean that all Jire stopped at this stage, foJ* 
many of the seedlings that were left in the inoculated soil eventually 
died and, on digging, were found to have their I'oots thorouglily 
j>ermeated by the internal rhizomorphs of the fungus. 

The essential features concerned with the ixmetration of the 
rhizornorph into the black walnut nmt vary but little from the 
manner in which the resistant pear root is invaded. In jilate 10, yl, 
is illustrated the verv early checking of the penetrating rhizornorph 
and the subsequent Torniation of cork walling off the area. In this 
instance the rhizornorph penetrated only through the cork and was 
then stopped. The infli:ience of the rhizornorph has extended a few 
cells beyond, as'evidenced by the darker staining, 10, 

illustrates another instance in which the rhizornorph has {fen checked 
and the affected area walled off by cork, but in this case a branch 
rhizornorph {d) is penetrating the secondary cork layer and is doing 
so in much the same manner as that illustrated in the pear (pis. 
6, A, and 7, A), The rhizornorph is not entirely through the cork, 
but the cells in the tissue under it are plasmolized and dai^k^v 
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stained, indicating the effect of some diffusible substance from the 
rhizornorph. The two lesions illustrated above ai;e typical of those 
examined. In some the rhizornorph penetrated deeper and invaded 
nnore of the bark, but in only one instance did it appear that the 
infection was spreading. It must be admitted in this connection that 
only the smaller lesions were examined. In the larger lesions the 
fungus was undoubtedly making headway, otherwise some of the 
seedlings would not have been eventually killed. The essential 
differeiKje between the infection of the susceptible Persian walnut root 
and the resistant black is that very few infections fail to become 
(‘stablished in th(‘ former or become checked and corked (»ut, whereas 
in the latter it is the rule rather than the exception that the rhi- 
zomorph is held in check and walled off by cork. Of the 14 infec¬ 
tions comprising the study on the black walnut root in no ca.se did 
the fungus enter at a branch root or at a lenticcd. In two lesions 
the rhizomorpli had jKUietrated the (‘ork <*los€* to a small branch root, 
but there was no relation betwe<‘n the ruptured tissue around the 
root and the entrance of the fungus. 

In the field the myrobalan is intermediate in resistance betw^een the 
pear and i)each. Pot experiments indicate that it has considerable 
resistance. Of 4o tre(‘s jdanted in ])ots only a very few actually died 
from Annilhirla, Examination of the roots at various times after 
j)lanting indicated that infe(*tion had occurred in practically all 
cases examined, and not only in one place on the root but usually in 
several. In one (‘arefully examined rof>t system 21 separate infec¬ 
tions were noted. Tliese surfaci* lesions varied greatly in extent, 
ranging from as small as (uu^ fourtli inch in diameter u[) to the 
entire circmnfer(*nce of a branch root. The tre(‘ was not dead and 
did not appeal’ to be suffering greatly from the numerous disease 
lesions in th(» root. A more careful examination of the lesions indi¬ 
cated that tin' fungus was extending only very slowly in them, in 
.some ])robably not at all. The borders of the lesions consisted of 
tissue which had turned a bright red aiul was extremely hard and 
brittle. It is po.ssible that this layer, on account of its hardne.ss, 
is in part res|)onsible for tin* reduced activity of the fungus rhizo- 
niorpli in the.se tissues, but more fundamental reactions must occur 
in the host before, this layer is produced. The red zone is sometimes 
surrounded by cork but more often not. In the myrobalan the ex¬ 
tent of the fungus in the woody cylinder of the root is often equal 
to that in the cortex. This differs from a su.sceptible ho.st. where 
th(' growth in the (‘ortex and cambium is normally much more rapid 
than that in tlie wood. 

CYTOLOGICAL ASPECTS OF INFECTION 

Detstkcction of Cork 

The «tm|ies thus far have given a general account of the histologi¬ 
cal feafureNioncerned with penetration and infection by the rhizo- 
morph. More detail of some of the cellular phenomena will now 
be presented. 

The dense mass of active hyphae composing the invading branch 
presses against the cortex of the root. At first, so far as staining 

^itions indicate, it has very little chemical effect upon the walls 
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of the cork layer. As the pressure continues, however, the suberized 
walls that are in direct contact with the active rhizomorph tip seem 
to disappear as if acted upon by some dissolving force. They 
undergo little, if any, swelling, and this only in the very latest stage 
before their complete disappearance. There is no general break¬ 
down of the cork tissue for any distance away from the rhizomori)h. 
The latter acts on and destroys only those cells with which it comes 
in contact and against which it exerts pressure. The rhizomorph 
may grow laterally in the cork and split it apart longitudinally (pi. 
5, B) after once penetrating into it, but many of the cells that orig¬ 
inally occupied the area where the rhizomorph has actually pushed 
through have disappeared and no remnants of them remain. iNeither 
are they engulfed and then destroyed. If mechanical pressure alone 
were responsible for penetration and no solvent action took place, 
one would expect to find the cork cells lu^aped up or folded hack 
around the ])oint of entrance. This lias never been observed to an 
extejit sufficient to account for all the (*(‘lls originally i)re.sent. As 
the cork under the invading branch of the rhizomor[)h is gradually 
acted upon and disai>])ears, the latter jiushes through into tlu* cells 
below. 

KFit^ECT OF aiii^ linizoMuitni ox the PAiiKxcinMA Uefokm Ix\ xsiox 

In certain of the hosts examined while the rhizonioridi is in the 
process of entry, but before it has reached below the cork, eei^tain 
reactions have taken place in the parenchyma directly under tho 
penetrating rhizomorph which indicate that the influence of tin* 
rhizomorph is felt in the tissue below’ it. Wluui the rhizom(>rj)ii 
has penetrated into the second or third layer of the cork covci ing 
of the parsnip the parenchyma cells immediately under the rhizo- 
morph tip take the red slain very deeply, when Flemming's triple 
is used (pi. 2, a). The cell contents stain somewhat deeper than 

normally, but the most noticeable effect is in tlio cell walls and tlie 
nuclei which stain much (leeper than noinially and indicate sona* 
influence of the rhizomorph. The w’alnut root often shows a ^'ery 
different reaction, from that described above, when the rhizomoi’oh 
tip is still two or three cell layers away. The affected walls of tin* 
parenchyma directly under the cork, instead of taking an abnormal 
deep red as was the case in the parsnip, fail to take any stain at all 
and remain a light brown similar to that before any treatrueni. 'Idie 
cell contents are somewhat plasomolyzed and take the stain most 
deeply, becoming almost black in color. They are in striking con¬ 
trast to normal cells with deep-red walls and lighter red contents. 
The fact that the cork cells in immediate contact with the advan(dng 
rhizomorph tip show so little disturbance possibly indicates their 
extreme resistance to fungal action in comparison with the cells just 
under the cork layer. There would seem to be little doubt that some 
substance of a toxic nature is given off by the invading^rfriSginorph 
tip which causes the apparent rapid death and chemical chang(*. of 
the cells below the cork layer. Yet, so far as the stains employed iii 
this work indicate, this substance has comparatively little effect on 
the cork cells through which it must pass and where it would sup¬ 
posedly be more concentrated. * c 
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The lateral spread of this material is plainly more rapid in the 
tissue immediately under the cork than its depth of penetration into 
the tissue bfflow. In plate 5, Z?, (walnut root) the extent of the 
-disorganization is plainly visible. The disorganized cells extend 
laterally for five or six cell lengths beyond the ends of the penetrating 
branch, 'while at the center of this brancli the downward extent is 
only three or four cells in their short axis. Other cases in the walnut 
w(Te even more pronounced than this one. No evidcuicc was found 
that toxic action to the host occurs under an attached rhizomorph 
which is not preparing to enter. 

Kitoct of tub Advancing Khizomorpii on the Tissue Sujtiif>UNDTNG It 

After the rhizomorj)li passes the cork layer, it enters dead disor- 
ganiz(‘d tissue and nev(‘r })enetrates ahead of the dead cells. The 
nature of this killing action has not been investigattul. The distanc(‘ 
^to which it may extend be\ond the rhizomorph tip vari(‘s with the. 
liost and tvi)e of tissue. The parsnip presents an (exceptional (‘a^(‘ 
in that there is a network of large intercelhdar sj)aces to be found 
in the lleshv cortical tissue. The toxic ac'tion has been observed to 
exbuid as much as 5.5 mm beyond the invading rhizomoridi tip. It 
apj)ears that the toxic materiah whatever its nature may be, follows 
the intercellular space> in the ])arsnip instead of passing direcdly 
tlirough each c(dl to the adjoining one as appears to be the case in 
woody tissue'-. In the latter the action may extend only a few 
c(dls away fn»m the rhizomorph. 

The ])otato tuber |)iTsents a type of tissue upon Avhich the fungus 
is very active. TIhu’c is a markecJ killing and browning of the tissue 
arouiKithe rhizomorph tip. This varies in extent but often involves 
cells several cell widths distant. Kusano (A7) indicates that tin* cell 
sap is the part which IxH'omes brown. Observed macroscopically 
tins would appear to be true, but the investigations here reported do 
not support such a view. The observ<*d buowning is due to the for¬ 
mation of a granular mass whi(*h first leunis in the small inter¬ 
cellular spaces wliere the cells meet. It is next observed to occmr 
along the inside of the cell wall, 'where it at first forces tht‘ ])lasma 
membrane away. Later the membrane disappears, and the brown 
material completely fills the cell cavity and often becomes less dense. 
It has much the same staining ])roperties as the cell 'wudl, namely, a 
lack of affinity for any stain. These facts suggest that this material 
may be a decomposition product of the cell wall. The protoplasts 
of the less affected cells take the stain normally but when stained are 
severely plasmolyzed. This is in contra.st to the surrounding normal 
tissue. The disapj)earance of starch from the affected area ai)peais 
to follow no definite rule. It is sometimes removed from the colls 
at the time of appearance of the brown material. Other times it 
remains until the individual side hyphac h&ve penetrated into the 
area. Ifilht^-ery late stages of decomposition and just before their 
total destruction, the cells immediately surrounding the rhizomorph 
collapse completely. Their 'walls fold inward and are pressed closely 
together by the mechanical force of the advancing rhizomorph. 
The folded remnants of the protoplast lie between these swollen 
waljjk of indefinite outline. The mass assumes a very dark stain 
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and then disappears entirely as the fungus rhizomorph grows against 
and into it. 

While the groA^dh of the fungus in the carrot is the same in its 
essential features as in the potato, the extent of diseased tissue away 
from the penetrating rhizomorph appears to be less and ordinarily 
extends but a few cells, perhaps indicating that the fungus is less 
parasitic on the carrot than on the potato. Gross observations lend 
some support to this belief. Once the potato has been penetrated, 
the fungus usually spreads rapidly and in all dii’ections. In the 
carrot the spread may not be so extensive, as illustrated in plate 4, 
i?, where the growth is slow and uiion close examination shows the 
rhizomorph to be following small cavities or pockets in the central 
cylinder. The occurrence of these cavities is quite constant in the 
carrot but has never been observed in other hosts. On sectioning 
they appear as hollow spaces where the tissue has collapsed and 
drawn to one side. The relation of the cavity to the rhizomorph 
has not been fully determined. It appears always to connect at, 
some point with the rhizomorph, but the latter does not ordinarily 
extend into the bulk of the pocket as might be expected if products 
from the fungus caused the collapse of the tissue. 

The most noticeable effect of the fungus on the susceptible Per¬ 
sian walnut root is the rapid and^ complete browning of the tissue 
surrounding the rhizomorph. The cell walls are but little, if at all, 
swollen. They ai'e definitely browned and have no affinity for any 
of the stains employed. No granular material collects along the 
walls as happens in the potato tuber. The original cell contents in 
the walnut root usually turn brown along with the wall or soon 
after and, like the wall, do not take the stain. Some of th(». cells 
fill with a very dense and darkly staining material, whi(‘h, ^t least 
after being staine^, is badly plasmolyzed (pi. 5, &). The forma- 

tion^ of this substance inside the cell, along with the browning of 
the wall, is usually the first indication that the influence from the 
rhizomorph is felt below the cork. 

A cell reaction, probabjy similar in effect to that described above 
when the walnut is invaded, is to be found in the myrobalan root. 
It is confined principally to that zone of red tissue that, in the 
myrobalan, usually borders a lesion produced by an invading or ad¬ 
vancing rhizomorph, such as was described above under histology of 
infection. The occurrence and disappearaiK*e of the red zone may be 
followed best by examining unstained freehand sections cut through 
the border of the lesion, including the healthy tissue above and the 
disintegrated tissue close to the rhizomorph below. In such a section 
the live, healthy tissue entirely outside the lesion appears normal. 
The first indication of disturbance at the outer margin of the affected 
area is a slight yellowing of the cell walls in a region only a few 
cells in width. The contents of these cells, if at all changed, become 
less dense than normal* Then occurs a narrow zone in which the 
lumina of the cells are beginning to fill with a granpta^^olorle 
material, not dense at first but soon becoming so, and" with this the 
red color develops, becoming more intense with the increasse in den¬ 
sity. This red zone often involves a region of considerable width. 
The red stain is entirely in the dense deposit filling the cell, which 
may normally occupy the entire lumen but under some conditions 
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shows plasmolysis. The walls remain yellow as at first or darken 
slightly but never become red like the cell contents. The red fades 
out as the rhizomorph is approached, and the tissue becomes a yellow- 
reddish brown, the cell contents becoming less dense and finally dis¬ 
appearing and the whole mass showing signs of disintegration. The 
regions above described may vary appreciably in extent and at times 
may not be so clearly defined as indicated, but the red zone appears 
never to be missing. When staining with Flemming’s triple, a some- 
wdiat different picture is presented. The dense cell contents, whether 
colored or uncolored, shrink into a small mass at the center of the 
cell, staining deeply. The walls in this n'gion do not take the stain 
and remain a light brown or yellow. The zone close to the rhizo¬ 
morph assumes a rather deep-reddish stain characteristic of disor¬ 
ganizing tissue. 

The red zone is not confined to the cortex tissue, but the same mate¬ 
rial may be dej)Osited in the cells of tlie wood as well, although here 
, the intensity of the red is sometimes lessened and more irregular in 
(‘xtent. Wlnui tested for lignin with Maule’s j^ermanganate test 
(Morrow (iV>)), the walls in the red zone and below take on an amber 
color while the normal walls above stain a very deep pink, indicating 
the delignification of the cell wall by the action of the fuiiOTs. 

The effect of parasitism on the above-described roots diners in at 
least one respect from that on the resistant French pear. This dif- 
feren(*c manifests itself in the lack of visible effect upon the cell walls 
of the cortex of the pear root when invasion occurs. They show none 
of the browning or yellowing and have no affinity for stains which 
is so characteristic, of affected walls in the other hosts studied and 
which was one of the first obscu’vable symptoms of parasitism in the 
Persian walnut, always preceding the growth of the rhizomorph into 
the tissue. Thai region of tissue in other woody hosts with brown 
walls and deep-staining granular contents, which usually precedes 
the narrow zone of more completely ilisorganized and deep-staining 
cell material in direct contact with the rhizomorph, appears to be 
lacking in the cortical tissue of the pear,Vand onlv the disorganized 
zone extending but a few cell widths away from tlie invading rhizo¬ 
morph is present. In the young pear roots examined this contrast 
was quite evident. 

Wound Gum 

To all appearances the red, deep-staining substance which is 
deposited in the cells of the zone of affected tissue in the myrobalan 
is similar to that occurring in the walnut and might properly be 
termed wound gum.” Its formation and location with respect to 
the diseased tissue closely resembles the wound gum as described by 
White {44) when Fomee afflanatm is acting parasitically upon 
various forest trees. He describes it in the beech as causing a band 
of dark-colored material which creeps forward as the fungus ad¬ 
vances i^/?^the wood. It forms only m the newly attacked cells and 
disappears ks^'the fungus advances, leaving no trace behind. The 
gum is described by others but there is some disagreement as to its 
origin. Tschirch {39) believes it to be a secretion of the living 
protoplasm bordering a wounded area. Munch {30) maintains that 
it is an oxidation product of the cell contents forming after their 

; 47706—34-2 
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death. White m) finds tyloses witli the wound gnni and considers 
that they can only be produced from living tissue and consequently 

if wound gum is not a secretion it follows very closely,on the death 
of the producing cell.” 

In these investigations the process was excellently demonstratecT 
at the time of the very early stages of rhizomorph penetration into 
the Persian walnut root. As described before, the formation of this 
deep-staining material, which may now be called wound gum, was 
one of the first indications that the invading i*hizoinorph was acting 
below the coi*k layer. The browning of the cell wall and the forma¬ 
tion of the wouikI gum apj)ear to ocriir almost simultaneously; how¬ 
ever, the wall sometimes browns without the formation of the gum. 
If the browning of the wall is indi(*ative of the death of the (*ell and 
a normal-staining wall indicative of a healthy cell, then it is neces¬ 
sary to assume that the formation of the wound gum occurs with the 
death of the cell or shortly after. This woidd not support the view 
that it is a secretion of the living cell. If, on the other hand, the 
wall shows signs of browning before the protoplasm is dead, it may 
possibly mean that the w^ound gum is a secretion of the living cell. 
The former view seems rather more })robable and is given some suf)- 
port in the myrobalan where at times there occurs a narreuv zone of 
cells with yellowed walls betAveen the nf)rmal tissue and the wound- 
gum area, thus indicating some disturbance, possibly death, ahead 
of the wound gum. 

Staining liFjvonoNs Bek)1ik (U)MPLi':ni: Destiujction 

In the Persian walnut and myrobalan as in the potato, the narrow 
zone of tisvsue immediately surrounding the rhizomorpli, Avhen in the 
last stages before comj)letc destruction, assumes a V(‘ry deep red coloi- 
with Flemming’s triple stain and a rathei* dark brilliant green with 
Pianeze’s. The colors, no doul)t, n^present the complete chemical 
change Avhich occurs in the tissue as decay and distintegi‘ati(ui 
proceed. / 

Browning of jhis AVoory Cyljnokr 

When an examination is made of the attacked woody tissues of 
the above hosts, the <lifferences between the pear and the susceptible 
hosts are not at all striking. A common feature macroscoj)icall.y 
observable in all the woody hosts, when Amullaria has formed a 
deep lesion and invaded the tissue below the cambium, is tlie brown¬ 
ing of the woody cylinder, more noticeable on the side where the 
fungus is active, but sometimes penetrating deep into the cylinder 
in the vicinity of the lesion and extending up and down the wood 
a short distance. It affects the wood muen deeper than any of tlie 
branching hyphae appear to penetrate. The browning is due to 
the occurrence in the vessels of the wood of a gummy-appearing 
material varying in color from a light-yellowish Brown to a rather 
dark-reddish brown. It fills only a part of the wopd'^^cls, the 
color of the wood becoming darker as more vessels are involved. It 
is believed that this is a different form of wound gum from that 
occurrinqg within the cell. It may be a secretion into the vessels 
from these affected cells or a product from their walls. At first it 
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is u li^ht yellow and lias mueli the same eolor as the cell Avail in 
the region where formed, hnt it darkens with age. It does not 
ordinarily jiossess the granular ajipearanee so notreeable in the red 
wound gum inside the cells of the myrobalan root. No destruction 
of the tracheal wall was obseiwed at this stage of infection in any 
of the hosts examined. 


FORMATION OF CORK 

Coih formal ion ai’ound the infect<‘d ai ea is not entirely limited to 
lesistant hosts but was oliserved in all hosts examined, with the 
(‘xception of the jiotato. Its o<‘curr(*iice is not constant in either 
susceptible or r(‘sistant roots, although Avium a lesion is formed and 
fails to spread a cork laym' is often subsequently developed. 

As first observed, a feAv cells in the jiarenchyma of the cortex 
scA^eral cells distant from the rhizomorph divide. A phellogen soon 
surrounds the affected area, and as this b<*comt\s active cork is formed. 

• Since the stains employed do not clearly differentiate a suberin Avail, 
it Avas impossible to be certain when the developing cells of this 
area first showed a suberin reaction. Freehand sections from many 
of these hosts stained with Sudan HI took the typical deep-orange 
stain for suberin, when only a feAV layers were produced by the 
phellogen. The reaction may occur much earlier, but the proof 
is lacking. In a susceptible Avalnut this layer Avas never observed to 
attain a thickness of more than or 4 cells, Avhen surrounding 
an active rhizomorph. At about this stage it showed signs of 
disorganization, and further division of cells ceased. It is unknoAvn 
Avh(‘ther or not suberin Avas deposited in these Avails at this time. 

It can be .seen in the pear in i)lates (>, A; 7, A and B; and 8, A : 
and in the black Avalnut in plate lt>, A and 7?, that cork fomis and 
N\alls off the disorganized tissue around the rliizomorph. Plate 7, yl, 
is an (‘iilargeiiKMit in tin* cork area. Although not illustrated, small 
lesions Avere found in th(» ]H‘ai' Avhere no formation of coi'k had 
taken [)lace and from appearances tlie rhizomorph Avas no longer 
active. In sucli cases, the dead, browned ti.ssue may stop at as 
definite a line as if a cork layer Avere present. The" dead cell is 
broAvn, but the one next to it may be ])erfectly normal in appearance. 
Instances of this nature lead one to question whether the cork is 
primarily a mechanical barrier j)reATnting the spread of the fungus 
or merely forms after some other factor has checked the growth 
of the fungus. The latter seems more probable. 

GUM CAVITIES 

A discussion of the effect of Antullarla, wriira upon deciduous 
fruit trees Avould not be comi>lete Avithout further mention of the 
gum cavities Avhich occur in connection Avith this disease. So far as 
the author has been able to determine, no meirtion of this phenomenon 
has beei^nade by anyone de.scribing the effect of this disea.se on fruit 
trees. Of the’many hosts examined it has never been found on any 
except those belonging to the genus Primus, (The roots of Citrus 
haA^e not been examined by the author.) Hartig {10), however, 
])robably refers to a somcAvhat similar phenomenon in pine roots 
Avhen he describes the abnormal resin and turpentine canals occur- 
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ring in the region of the cambium. He claims that resinous mate¬ 
rials flow into this region from the medullary rays, causing la,rge 
abnormal canals in the “ wood ring formed during the year of sick¬ 
ness.” 

In species of Pmnus it has been a common observation that large 
quantities of gummy material exude from the base of many fruit 
trees when attacked by Armil/aria. It often infiltrates into the 
surrounding soil where it dries and hardens to form a stony mass. 

The formation of gum in species of Prwnus has been investigated 
by many authors. A thorough discussion of its formation would be 
beyond the scope of this sttidy. Butler (&), working with Pnmw 
and Citrus, found its formation induced by “ all manner of trauma¬ 
tisms ” and that many chemical agents as well as various fungi were 
effective in producing it. He considers that the gum is due to the 
“ hydrolysis of the walls of the embryonic wood cells ”, the action 
proceeding centripetally from the secondai’y lamella and finally re¬ 
ducing the whole cell to a mass of gum. Goldsworthy * credited < 
bacteria with causing much of the gummosis in P'fumus. It is thus 
seen that the production of gum may lie due to a variety of causes, 
with the probability that organisms jilav an imjiortant role. There 
is no proof that the gum pockets here described are due entirely to 
the action of Annillaria. Bacteria might be pre.sent in conjunction 
with the fungus and produce the effect, but since other fungi cause 
gumming and since the phenomenon occurs almost constantly in con¬ 
nection with Armillaria, it is lielieved that the action is duo to 
Armillaria alone. 

Plate 11 represents typical gum cavities as observed in a jirune 
tree attacked by ArmUlaria. The cavities most frequently occur in 
the layer of young wood cells just inside the cambium but are not 
limited to this region. At times they extend out into the phloem, 
apparently destroying the cambium. They are rarely confined to 
the phloem. If the root is small and completely girdled by the 
fungus, cavities may extend in a row entirely around the circum¬ 
ference of the root. Otherwise they extend as far as the fungus 
is operative. Occasionally two rows of cavities may form, one 
outside the other and rather close together. The medullary rays 
are seldom involved except as pressure may alter them. That pres¬ 
sure is developed in these cavities is evident from the manner in 
which the cells are compressed around the edges of the cavity; this 
suggests that while the tis.sue was young, gum was forced up from 
below into the area, and the cells were crow’ded apart and flattened 
tangentially around the gum column. At times very little solvent 
effect upon the cell walls is observable, but ordinarily some of the 
original cells are lost, probably contributing to tlie gum mass. 
Cavities are often found in which the cells surrounding them have 
inflated and extend into the cavity like tyloses into wood vessels. 
To explain this, it might*be assumed that the pressure once developed 
later diminishes, allowing the still living cells around theCsides to 
grow and expand into the cavity. 

» Golds WORTHY, M. C. gummosis in thb genus phunds. (Doctorate thesis, Unlv. 
Calif.) 
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An examination of a longitudinal section of the affected tree trunk, 
including an area beginning with the healthy normal tissue above and 
extending ddwn to the active rhizomorphs, would show somewhat 
the following: At the base of the section the rhizomorph is active 
in tftie cortex and cambium, sending out from its surface radiating 
hyphae whicli enter the outer lajws of the wood as well as tlie cortex, 
act on and destroy it, and in so doing nroduce the gummy material, 
or produce substjuic(\s wliicili act on tlie young woody cells above, 
liydrolyzing their walls into this material, much as described by 
Hartig {16) in tlie case of the pines when turpentine or resinous 
material was produced. The gunmiy substances appear to follow 
more or less the vessels of the wood above the extending rhizomorph 
tip. The latter folloAvs this gummy material that fills the cavities, 
destroying it or forcing it out as the rhizomorph proceeds upward. 
Many of the cells in this region are destroyed, indicating that the 
products of metabolism of the fungus are probably operative in de¬ 
stroying the young wood cells, similar to the chemical action de¬ 
scribed by Butler (/^), During this destructive process the mass of 
gum is under pressui’e. Some of it is forced to the outside through 
the now disorganized cortex, and some is forced up into the young 
tissue around the cambial region, producing what has been observed 
before in (toss section. As the fungus rhizomorph advances, this 
tissue is soon destroyed and the Avhole process gradually moi^^es up¬ 
ward. This appears to be the most logical explanation, from the 
sectioning of many roots. The greatest distance which these cavities 
may extend up above the rhizomort)li has received no critical atten¬ 
tion, but they Avere observed to occur at a distance of 1 inch above 
the i‘hizoinor])h in a p(‘acl] root. 

GROWTH OF ARMILLARIA ON EXPRESSED SAP OF VARIOUS TOEE ROOTS 

In vieAV of the r(*sults obtained in the histological and cytological 
investigations, indicating that resistance is a factor not (amcerned 
Avith any structural or morphological character of the host, a study 
Avas made of tin* fungus growth on the expressed sa}) of seA’eral tree 
roots, including bcHh susceptible and resistant ones. The behavior 
of the fungus in attacking the resistant pear suggests that there may 
be some substance in the host Avhich inhibits the growth of the 
parasite. If such an inhibiting substJince is present in the cell sap 
and is of a stable nature not easily oxidizable or destroyed, it might 
be possible to test resistance by growing the fungus upon the 
expressed saj) of the host. 

A study of this nature Avas undertaken Avith the roots of several 
trees. The bark only was used, since the factor for resistance, if 
such be present, must be located in that portion of the r<x)t as Avell 
as in the w^cxkI. Roots to be tested Avere dug and protected from 
loss of water until such time as the sap could be expressed, when 
they were thoroughly washed and the bark peeled off and run through 
a meat grinder. 'The sap was then expressed from this grounci 
material in a hydraulic plant pres.s, using a pressure of 350 kilos per 
square centimeter. If any quantity of solid material was pressed 
out, the sap was centrifuged. As a means of sterilization the sap was 



208 


Journal of Agricultural Research 


Vol. 48, DO. 3 


filtered through a candle. In the first experiment a Chamlxu’land- 
Pasteur filter was used, but in subsequent work a Berkefeld V was 
employed and with it a modification of the aseptic filter apparatus 
as described by Smith {37 ). The filtered sap was tubed in 3 to 5 cc 
lots, and in experiments after the first was allowed to stand for 6 or 
4 days when two streaks w(Te made from each tube to determine if 
contamination had occurred. This pre(*>aution was probably unneces¬ 
sary as very few instances of contamination were ever found. The 
sap was then inoculated with Armillana usually with the brown 
surface crust which forms when the fungus is grown on prune-agar 
slants. Care was necessary that the colony remain afloat because 
the production of internal rhizomorphs from a submerged colony 
was never observed. When growth starts at the surface tlie 
ihizomorphs develop after varying ])eriods of time and grow down 
into the medium. 

In the first experinumt the roots of oak, CfwTC'us acjrlfolUi; fig, 
carica var. ])ea(*h, Prnmis pernica* and aj)i*icot, 

Pninns anneniaca. vvei’(‘ employed. The oak and fig an^ fairly re¬ 
sistant, whereas the peacdi and ui)ricot are quite susceptible. In this 
experiment the ground material was frozen before expressing, a 
procedure not used in later work. Some of the tubes in each lot 
were heated to stop enzymatic action. Th(‘ data are given in table 1. 
TTnfiltered sap Avas also inoculated, but in most instances it faibnl to 
suj)port growth. Because of the probability of contamination little 
weiglit could be placed on the results, and they are tlierefore not 
reported. 

1 .—Oroirlh of Armlllaria meilea on tJw c.rprc>^Mnf mp of oak, fiq, pravli. 
and apricot rooin 


fSap expressed Mar 23, 192<)1 
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The most striking feature of these results is the fact that the 
and o!ik roots,' which are decidedly resistant to Armilltfriu, showed 
very little inhibiting!; effect on funjfus growth in the expressed sap, 
while the peach sap ))revented growth entirely, yet the peach is one 
of the most susceptible of hosts. In all lots the heating of the sap 
almost to the boiling point had little significant effect upon the 
growth of the fungus. In the peach the growth-inhibiting substance 
is evidently thermostable. 
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^ Although the foregoing results gave little reason for believing 
fl^at expressed sap might be a means of testing resistance, it was 
decided to make further trials, and in so doing to select a susceptible 
and a resistant species belonging to the same genus, in ordei* that 
their dissimilarities might be less. The northern California black 
wiilnui^ Mndsii (resistant), and the Persian walnut, J, re(jia 

(susceptible), offered such a combination. The studies were carried 
on over a period of more than a yeai‘ to determine if any seasonal 
chang(i in the tree may affect the growth of the fungus on the ex¬ 
pressed sap, A 3-year-old northern (-alifornia black walnut (desig¬ 
nated no. 1) growing in an A rmiU aria spot” in an orchard was 
used in the experiment. Koots were removed from it at various 
intervals during a period of 17 months. Northern California black 
walnuts no. 2 and no. 3 were comjiosite lots of roots of seedling trees 
gi‘()wn in large pots for 2 years. The bark from the loots of several 
lr(‘es \\a> coiupo.sited and tlie sap exj>r(‘ss(*d. 

Persian walnut no. 1 was a chance seedling 4 oi‘ 5 years old, 
Persian walnut no. 2 was an old seedling planted as a border tree 
along the highwa.y several years ago. Poidions of the sap expressed 
on October 1, li)2(), of both black walnut no. 1 and Persian walnut 
no. 2 Avere sterilized by adding a few drops of chloroform, shaking 
for a few minutes an<l evaporating off the (ddoroform by bubbling 
sterile air through it. This acted as a j)artial check against the 
possible removal in filtering of substances which might be essential 
as growth-inhibiting agents. Filtered, chloroformed saps were used 
as che(*ks on the method. The chloroform treatment was found U. 
liave no inttuen(‘e on the growth of the fungus different from that 
olitaiiKHi when the filter alone was used. It was therefore not used 
in later work. 'Fhe data are presentcHl in table 2. Crowth failed on 
the sap from black walnut no. 1 in all trials except the fii’st and the 
last. In the first, growth was good, but in the last trial only 2 out 
of 5 tubes supported growth and then only poorly. It is not believed 
that t}ies(» differences are due to seasonal changes in the tree, for on 
duly 20. 1920, the fungus growth on the sap w\as good but failed 
entirely on the same date 1 year later. That this factor of growth 
inhibition in the expre.ssed sap is not constant in all black walnut 
trees is evident wdien the data relating to the black walnut seedlings 
no. 2 and no. 3 are compared with those of black walnut no. 1. In 
the forimu’, growth was good, even b(*tter than on the supposedly 
susceptible Persian wuilnut, while in the latter it was almost a fail¬ 
ure. Growth always occurred on the sap of the Persian walnut 
root, although not exceptionally good at all times. That the inhib¬ 
iting fa(‘tor in black walnut no. 1 is thermostable is evident from 
the results obtained with the sap expressed on July 20, 1927, which 
was heated in boiling water for a period of 15 minutes. 
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Table: 2. —Growth of Armillaria mellea on the expressed sap of northern Cali- 
forma hlaek and Persian walnut roots 


Root 


Black walnut no. 1. 

Do_. 

Do. 

Do-.. 

Do.-. 

Do. 


Do. _ 

BHck walnut seed* 
lings no 2. 

Black walnut seed¬ 
lings no. 3. 
Persian walnut 
no. 1. 


Persian walnut 
no. 2. 

Do... 


" One month after first inoculation failed, one half of the tubes were heated in boiling water for 15 min¬ 
utes and all reinoculated. Fungus again failed to grow in any tube. 

Table 3 presents the results of culturinjiC the diluted sap of 
black walnut no. 1, usin^ both pruiK*. decoction, which supports the 
growth of Annillaria very well, and distilled water as the diluting 
substances. Certain amounts of sap when added to prune medium 
are evidently invigorating to the growtli of this fungus, and even 
when mixed in the high proportion of 1 jiart of sap to 1 of decoc¬ 
tion growth is better than on the prune decoction alone, yet the ex¬ 
pressed sap alone fails to support the growtli of the fungus. When 
water is used as the diluting substance the results show that growth 
takes place and is best when the sap is diluted 1 to 1. 


pate expressed 


Sap treatment 


Remarksty 


July 20, 
Oct 1, 

...do.. 


Apr. 6, 
July 20, 

Deo. 22, 
June 3, 


1926 Filtered.. 

1926 .do... .. 

. Centrifuged, sterilized with 

chloroform 

. Filtered, treated with chloro¬ 
form 

1927 Filtered.... 

1927 /.-.-do.-. 

I Filtered and heated. 

1927 Filtered... 

1927 /....do.-.I 

1 Filtered through Seitz filter.. I 
1927 Filtered... I 


ATMTnftcr ATMmftcr 


July 20,1 


_do.-.. 

Centrifuged, sterilized with 
,1920 chloroform 

Filtered, treated with chloro¬ 
form. 1 

,1927 Filtered. i 


Orowth fair. 


Growth poor. 
Growth very good. 
Do. 

Growth good, but 
less than no. 2. 
Growth poor. 

Growth fair. 

Do. 


Growth good 


Table 3. —Effect of dilution of the expressed sap from roots of resistant hlack 
walnut no. l on groicth of Armillaria mellea 





Volumes of— 



Date 

expressed 

DUu- 

tiOD DO 


Diluting substance 

Tubes 

Orowth 



Sap 

Quan¬ 

tity 

Material 




1 

.Cc 

0.0 

1 a 

\ 5.0 

Prune decoction.— 

Number 

5 

Good, but not extremely vigorous. 


2 

0.1 

6.0 

v—do . 

6 

More vigorous than in dilution no. 1. 

July 20,1927 

3 

1.0 

4.0 

^-.do. 

6 

Most vigorous of all lots with prune 

4 

2,5 

2.6 

—do. 

5 

decoction. 

Vigorous, about lilce dilution no. 2. 


5 

4,0 

1.0 

.do. 

5 

In 2 tubes only, &nd this iioor. 


6 

5.0 

0.0 


11 

None. 


1 

1 

4 

Water. 

5 

Weak; similar to that In weak prune 

Dec. 22,1927 

2 

2 

2 

.do. 

5 

decoction. 

Most vigorous of water-dilution series. 


3 

2 

1 

.do. 

5 

Slightly less than in dilution no. 2. 

In 2 tubes only, and this poor. • 

•-* 


4 

3 

0 

.do.. 

1 

5 






















Feb. 1,1934 Armiliaria mellea Injection and Parasitism 211 

The results ^ivcn in table 1 indicated that the expressed sap of the 
Wach was inhibitive to the growth of the fungus. This was further 
tested with foots from the same tree, with roots from two other trees, 
and with a composite samjile taken from a half dozen peach nursery 
tret'S. The results are given in table 4. In only two tubes did the 
fungus start and grow. Keinocailating after a period of 2 months 
showed tliat the growth-inhibiting substance was still present. Not 
only was growth inhibited but the inoculum was actually killed, for 
when removed and placed on prune agar, it failed to grow. 

Table 4 also presents data regarding growth on the expressed sap 
of the roots of a composite sample of French pear seedlings. Growth 
was vigorous and rapid and differed little from that on the expressed 
sap of the susceptible Japanese pear {Pyrm serotina). On the sap 
expressed from myrobalan seedlings growth was positive but less 
vigorous than on the pear. 

Tabij: 4. —Growth of Atmillaria mellea on the expresfied sap of peach, French 
pear, Japanese pear, and myrohalan roots 


. 

~ - - -, 

,-- - 

— - 

--^ 

1 

i 

! 

1 


Tubes 

Root j 

Dale expressed] 

1 

1 Sap treatment 

1 

1 

Tubes 

showing 

growth 


1 


^ ' 
^ { 
S 

5” ' 

1 dumber 

Peach no I . j 

/Feb 1.1927 1 
Upr. 1,1927 

Filtered- . - 
Keinoc*ulated-i 

H 

I 1 

i 0 ' 

Peach no. 2 . 

(Feb. 1,1927 

Filtered--, -.j 

' 0 

0 1 

(Apr 1,1927 
Mar. 20,1927 

Roinoculated.. 

1 4 

1 0 

Peach (nursery treeti).. . 

Filtered.. ..i 

0 

i 1 i 

French jHiar seedlings . . . 

Apr. 20,1927 j 

dO-- . .! 

1 9 

9 ! 

Japanese iiear .. 

Aiir. 20.1927 

! do _ 

, 9 1 HI 

.Myrobalan seedlings. _ 

i May 5,1927 

i 

1 . -do _ 

1 ' 
I i 

i 

1 

1 

___ _____ 

1 _ _ _; 


1 

i_ 


Remarks 


Unoculuin died iu others. 


1 ) 0 . 

Not as rapid growth as in 
jiear 


It is evident from tliese data tliat growth of the fungus on ex¬ 
pressed sap of the hark of tree, roots is not indicative of the sascep- 
tibility of the root to ArinUlaria, nor is the failure of growth indic¬ 
ative of resistance. The only instance of positive correlation was 
Avith black walnut no. 1; this varied and was not constant. 

DISCUSSION 

The inodes of infection employed by root parasites have received 
little attention from ini^estigators. A method of entry apjiearing to 
resemble most closely that of ArnuWma was described by Peltier 
and Samson {33) in the case of Ozoniuvi omnhorum. Tiiey state 
that by mechanical force hyphal wedges from the fungus strands on 
the root surface push in between the cork cells and finally engulf 
them in the fungus mass. The cells soon collapse but are not de- 
.stroyed. Penetration occurs most commonly at a lenticel but may be 
directly through the cork. Another instan\;e of root entry was de¬ 
scribed by Conant {11) who believed that the hyphae of TMelavia 
basicola in vfery young tobacco roots may mass together at times, and 
so weaken the suberized wall by enzymatic action that they are able 
to “surge” through. Tliis, however, is not the usual method of 
entry. No single hyphae of this fungus were ever observed to 
penetrate a suberized wall. 
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It is stated by Appel (i) that species of Phytophthora and Fusa-^ 
rium penetrate a thin cork layer but not a thick one. Lutman 
thought that the thickness of the skin may be partly responsible for 
resistance to potato scab. It might be argued in these cases that 
mechanical pressure is involved, otherwise the thickness of the wrk 
would be relatively unimportant. Tisdale {3H) in a study of flax 
wilt states that Fusarium lin% the cause of the disease, can penetrate 
the epidermis of the young roots; but when wound cork is develojxjd 
around an infection inside tlie root, the fungus does not penetrate 
through it. He thinks it possible, however, that some reaction of 
the host protoplasm may weaken the fungus at the same time. Faw¬ 
cett {IS) states that PytliiacystiH citrophthora is able to invade 
citrus roots through uninjured cork layer, but only if abundant mois¬ 
ture is present with favorable soil temperatures over a .sufficiently 
long period of time. 

From the fragmentary evidence pre.sented in the literature it 
might be concluded that root paiasites do not commonly enter 
through the uninjured and healthy cork laycu*, but o<*casionally, 
when this does occur, they may enter either by means of mechanical 
force or chemical dissolution of the cork wall. AruulUma seems to 
pre.sent a more detinite case of entry through the thick coik layer of 
a comparatively old root than any other fungus hitherto reported. 
According to the results of this investigation, the usual method by 
which Anmllaria mellea gains entry into a root is by penetration of 
a rhizomorph branch directly through the sound cork layer into the 
tissue below. Of the numerous infections examined, no in.stance of 
detinite entry through the imptured tissue around a newly formed 
branch root where it emerges from the parent root, as sugge^.sted l)y 
Zeller and by llayner {STi)^ was observed. Occasionally 

entrance is gained through a lenticel, and in such instances tin? 
method is similar to that through the cork layer. Under no circum¬ 
stances was there evidence of a splitting of the cork cells at their 
middle lamellae. The rhizomorph brancli enters as a unit, appar¬ 
ently employing both mexjfianical and chemical means in its pene¬ 
tration of the root periderm. ^It appears to be almost unique in its 
method of forcing through the suberized walls of the cork layer, as 
a single unit, the comparatively great bulk contained in a rhizomorph 
branch. 

Kusano {23) and Day {12) concluded that this fungus had the 
power of destroying suberized tissue when the rhizomorph branch 
jienetrated, and the evidence presented in this study gives further 
support to the same view. If the cork is thus actually dissolved it 
would seem necessary that some enzyme be associated with the 
process. A searcdi of the literature failed to reveal that any specific 
enzyme produtjed by micro-organisms and capable of attacking 
suberin has ever been d(ynonstrated. On this point Waksman (^2) 
states “vso far as our present information is concerned, cork and 
cutinized lamellae are not acted upon to any extant by micro¬ 
organisms.” The action upon the cortex cells by Anwillaria is not 
extensive and might fall within Wakman’s not acted upon to any 
extent,” but where a group of cells is actually dissolved, as occurs 
in this case, the process could hardly be plfjcecl in that class. Since 
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^lie iionnal action by luicro-organisius is ouzyinatic, it would seem 
mat some enzyme may be involved in tliis case. 

The evidence presented establishes beyond much doubt that 
Aimdllarm mellea can readily enter the sound, healthy roots or 
tubers of l)oth suscci)tible and resistant plants. The apparent ease 
with which the fungus enters through the cork layer of all tlie hosts 
investigated makes it seem doubtfuJ whether resistance to this fungus 
in any plant can be due entirely to the prevention of entrance. It 
would seem more logical that the second act of the fungus, the estab¬ 
lishment of ])arasitic growth in the host, is the feature that decides 
whether this fungus is or is not to be<‘ome a parasite. If such is the 
case, wounds would not play such an important part in this disease 
as other authors have assumed. They may, how^ever, have a sec¬ 
ondary <dfect in fa(‘ilitating the establishment of tlie fungus by 
affording it sapro))liyti(^ nourishment. 

(\)nant (11) in his study of Thidarla root, rot of tol)a(‘(‘o decoded 
that, fungal iii\asioii stimulatcMl |)]iellogeii develoj)ment in advan(*e 
of th(^ fungus and was of the oj)inion that the* layer of cork was 
effective in walling off the fungus, ihitlcr discusses the defensive 
action of Avhat 1 h‘ terms reactionary cork or that developed as the 
result of damage by invading jiarasitic fungi. He cites shot hole 
and pcair and apple scab as exampl(*s of diseases where reactionary 
cork forms and prevemts further sju’ead of the fungus. He states 
that it often happens in these diseases if the fungus is growing 
vigorously tliat the plant is unable to form a continuous corky layer 
and const‘(|uently unal»le to j)revent penetration into the tissue beloAV 
at all points. A new hiycu* of cork may then form and the process be 
repeated several times. He a])parently considers, in the cases 
mentioned, that the formation of the reactionary cork is primary 
in function in the walling-off of the pai’asite and is not in any way 
secondary. In ArmlllaJta root rot a ])hellogen is often produced far 
in advaiu'c of the jauietratitig rhizomorph and is especially notice¬ 
able in iUi) r(‘sistant i*oots. It might be assumed that it is walling 
off the fungus and preventing its spread. The rhizomorph readily 
penetrates cork tissue*, however, ami it would therefore be expected 
that little good would be accomplished by the secondary periderm. 
That this is the case is proved by the instances found in which the 
rhizomorpli had ai)parently jH‘netraled directly through the second 
cork layer. It. would tlius appear that in the pear the formation of 
the wound cork is not a factor responsible for the resistance exhib¬ 
ited by this host. Other instaiuTs noted, in which the action of the 
rhizomorj)h had apparently ceased without the development of cork 
around it, lends more weiglit to the belief that cork formation is 
not a factor of resistaiuie. 

Studies on the growth of the fungus on the expressed sap show no 
significant correlation between inhibition of growth and resistance of 
the host. Of the resistant species, only in the root of a single black 
walnut was’growth inhibited on the expressed sap, and even in this 
root, when the sap was added to i)rune decoction upon which the 
fungus ordinarily grows well, when not too concentrated, it actually 
produced more vigorous growth of the fungus. It, however, remains 
%n unproved possibilitjj in this particular instance that the osmotic 
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prepure of the expressed sap of this black walnut may be sufficient,- 
to inhibit fungus- growth. In case this factor is responible it pi 
not a constant one for the expressed sap of all resistant roots 
Hawkins (iP) is of the opinion that parasitic fungi will grow.on 
solutions with a miudi higher osmotic pressure than the expressed 
sap of their hosts. The failure of Armillarla to grow on the ex¬ 
pressed sap from peach roots may possibly be due to the products 
developed in the enzymic destruction of the glucoside amygdalin. 
In tubes containing expressed sap from peach roots the odor of 
hydrocyanic acid was always very distinct. 

Several authors including Butler (7), Vavilov {11), Howitt {28), 
and Walker (4«?) have given reviews of the literature on disease 
resistance in plants, pointing out the principal factors responsible 
for resistance. In the present work on ArmiUaria m-iUea the histo¬ 
logical evidence does not demonstrate that structural differences 
of the hosts are concerned. The primary and secondary cork layer 
proved to be an ineffective barrier. In fact, there seems to be no 
proof that resistance is of a mechanical or morphological nature; 
or as Vavilov {IJ.) classifies I’csistancc, it is not a case of ‘‘ mechan¬ 
ical or passive immunity.” If one follows A^avilov it must then 
fall in his other class, “ physiological or active immunity.” Certain 
factors are obviously unimportant in this class. 

Positive or negative chemotrophsm in the sense suggested by 
Massee {28) would not explain the, entrance into the resistant host 
with suDsequent inhibition of the parasitic; action. If cliemotro- 
pism was a factor initiating penetration, it would not be expected 
to hinder growth after invasion had once occurred. 

The acidity of the cell sap as a factor conc^erning resistance is 
a much debated question, but it is doubtful if it would be at all 
concerned in ArmUlariu resistance. Wolpert {Ifi) has shown that 
an acidity corresponding to a pH value of from 2.0 to 2.9, varying 
with the media used, was necessary to iidiibit the gi’owth of Annil- 
laria in artificial culture. It is doubtful if the acidity of the cell 
sap would ever approach this figure. 

The fungus penetrates through the cortex of the resistant pear root 
and into the wood below the cambium, at times killing and destroying 
some wood. The fungus and its parasitic action finally come to a 
standstill, cork forms in the cortex walling off injured tissue. The 
cambium around the edges of the lesion produces new wood and 
cortex tissue, which in time heals over the wound. These facts lead 
one to believe that there is some antagonistic factor concerned with 
the tissue of the root which finally overcomes the parasitic action 
of the ^ngus and prevents its further spread. Furthermore, this 
factor appears to be limited to the active, healthy tissue of the root 
as evidenced by trials in which 2- to 3-inch root cuttings of the 
pear were placed in test.tubes containing a few cubic centimeters 
of water and inoculated on the upper cut end. The fungus grew 
down the cambium quite readily. Such roots can hardly be con¬ 
sidered in an active, healthy state; neither can they be considered as 
dead. From these trials one can at least conclude that there is 
nothing in morbid tissue of a pear root which inhibits growth. 
This observation, together with the fact tha^^the fungus grows very* 
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readily on the expressed pear sap, gives strong evidence that 
^sistance in the pear must be concerned with the healthy growing 
C^sue. 

Klotz {2Ji) suggests that resistance in Citrus to Pythixwystis cit- 
TO'nfithora may be of the nature of a paralyzing or inhibiting effect 
upon the enzymes produced by the fungns by some substance present 
in the plant. If this is an explanation of resistance to Armillaria^ 
it must be assumed that the paralyzing factor in the host tissue is 
not expressible with the cell sap or is in some way changed and 
rendered inactive by this ])nx*edure. Otherwise it could hardly be 
(‘xpeeted that Armillaria would grow so vigorously on the expressed 
sap, unless the enzymes of the fungus concerned with parasitism 
are different from thos(', concerned with saprophytism. 

While the manner in which the plant is attacked and overcomes the 
effect of the parasite might be thought of as something similar to 
antibody production in Ihe animal system, there are no data to 
support such a belief. 

From the evidence presented in this investigation one is led to 
believe that resisfancc is due to some antagonistic factor contained 
in living, healthy plant parts, which cannot be expressed with the 
(‘ell sap, and is not present to any degree in morbid tissue. 

SUMMARY 

This paper presents the results of an investigation to determine the 
mode of enlran(‘e and subsequent development of Armillaria mellea 
in various susceptible and resistant roots and tubers. Observations 
on th(‘ growth of the fungus on expressed sap of various susceptible 
and resistant hosts are included. There exists a possibility that such 
studies might throw some light upon the nature of resistance. 

Invasion of the root is accomplished by the penetration of a branch 
of the parent rhizornorph directly through the sound, healthy peri¬ 
derm of the host. The method is similar in the different hosts 
investigated, with no apparent difference between susceptible and 
resistant ones. 

The branch penetrates as a unit and was never observed to send 
out single hyphae into the host ahead of it. 

Penetration is partly by mechanical and partly by cluunical means. 
There ap]>ears to be some desti’uction of the suberized w^alls as if 
thev were acted upon by a suberin-dissolving enzyme. 

Death of the cells always precedes the further advance of the 
rhizornorph into the tissue.’ In susceptible hosts the killing usually 
extfuids further away from the rhizornorph than in the resistant ones. 

In susooptible roots, after entry lias once been grained, the rhi- 
zomorphs grow rapidly and cause general destruction of the host 
tissue. 

In resistant roots the fungus readily gahis entrance but is unable 
to establish itself and ordinarily destroys but little of the affected 
root. The wbunds thus forn’ed soon cork out or heal over. 

Wound gum was observeo in the border of the lesions in some 
hosts. It was most noticeable in the walnut and myrobalan. 

A secondary cork layer often forms in resistant hosts, walling 
'off the.wound made by-the invasion of the fungus. Its significance 
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as a factor pertaining to resistance is doubtful, since tli<*. fungus 
l eadily breaks through such layers. / 

Gum cavities, which are of almost constant occurrence in specy^s 
of Pranus affected l)y this fungus, are described and discussed. 

The fungus grow's well on the expressed sap of certain roots and 
not at all or only very jx)orly on others, but there seems to be little 
correlation between the inhibition of growth in this manner and the 
resistance of the living host. 

Structural or ujorphological differences of the host probably exert 
little influence on resistance. 

Resistance to Anvillaria meUca appears to be of the nature of an 
antagonistic influence exerted ui^on the fungus by the host only when 
the latter is in an active, healthy state. 
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s. DETERMINATION OF HARDINESS IN ALFALFA VARI- 
X ETIES BY THEIR ENZYMATIC RESPONSES' 

\ By ir. M. Tysdal 

Af^socidte agronomist, Ihvision of Forage Crops and Diseases, United States 
Department of Agriculture 

INTRODUCTION 

In addition to tlui outright winter-killing of A^arious overwinter¬ 
ing crops, cold injury causes a greater reduction in yield than is gen¬ 
erally realized. A reduction of from 40 to 82 percent has been found 
in the growth of the first crop of alfalfa after root injury produced 
by low temperatures Often such crops as cotton or rice are 

injured by temperatures above freezing (37), and these add an im¬ 
portant group to the long list of economic plants directly affected by 
low temperatures. C’onsiderable progress has been made at the 
Nebraska and other stations in the development of an accurate 
method of artificial freezing for differentiating varieties according 
to th('ir cold resistance. This method is a tool that may be used to 
advantage in both differential and improvement work and in further 
studies of the fundamental nature of winter hardiness. The solu¬ 
tion of the last-named ])roblem is the ultimate objective of winter¬ 
hardiness investigations. 

This paper reports the results of a study of the relation of varietal 
hai'diness and the hardening-off condition in alfalfa to enzymatic 
activity, with particular reference to the diastatic enzymes. In this 
investigation the diastatic enzymes were studied only through the 
sugar-forming amylase, the starch-li<|uefying enzyme receiving no 
direct .consideration. While the chief object of the study was to 
establish, if possible, a method for detennining varietal hardiness by 
nieans of differences in diastatic activity, it was also hoped to obtain 
information on a phase of tl)e Avinter-hardiness problem that has 
heretofore received little attention. 

OiK' of the reasons for investigating this phase of the problem is 
the consistency with which certain investigators have correlated 
sugar content with winter hardiness in various plants. Since the 
time of Lidforss (7.4) attention has been drawn to the fact that there 
is often an increase of sugars during the hardening process. Recently 
Akerman (7) has established varietal differences in wheat by means 
of their sugar content. Newton and Brown (19) have indicated the 
importance of sugar concentration in protecting the protein complex 
of the plant. Thus the fact has been established that sugar content 
plays an important part in the problem of winter hardiness. Assum¬ 
ing the importance of sugar concentration, the question immediately 
arises. What changes occur within the plant to promote the increase 
of sugars? Since many plants have a high diastatic power, it is 
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logical to attribute changes in the sugar content to the diastatic 
activities within the plant. To diastase and other enzymes md t > 
carbohydrates might be attributed the carbohydrate equilibri\m 
wliich exists within the cell at any given time. This mav be >rue 
whether the increase in sugar during the hardening period is di^- to 
conversion of starch to sugar, as is apparently the case in many 
plants, or whether the increase in sugar is not at the expense of starcli, 
as Tumanov suggests is the case with wlieat and related crops. 

While the sugar concentration is a primary reason for the study of 
the diastatic enzymes, the importance of enzymes in general as fac¬ 
tors in the life processes of plants is sufficient to warrant their investi¬ 
gation in connection with such a problem as winter hardiness. 

Although the writer has found nothing in the literature bearing 
directly on the relation of diastatic enzymes to winter hardiness, a 
considerable amount of work has been done on various enzymes in 
relation to overwintering. This is particularly true of catalase and 
the enzymes connected wuth respiratory activity. An extended revd(‘w 
of the literature on various enzymes as related to winter hardiness is 
outside the scope of this })a])er. A very brief review^, however, 
indicates that at the lower temperatures lower rates of respiration 
for the more hardy than for the nonhardy varieties have be(Mi found 
by Govorov (10), Martin (10), Samoylenko (^0), aTid Newton and 
Anderson (17) in w^heat and rye, and by De Long (4) in apple twigs. 

Newton and Browm (/<S’) in a single series of experiments found a 
sharp index of the relative hardiness of wheat, varieties in their (’ata- 
lase activity, the more hardy having the higher activity, 

Kling ( 14 ) reports differentiating (‘old resistan(‘e of winter (‘ereals 
by their protein ferments. 

Literature bearing on the study of the ivlation of diast atic enzymes 
to the winter-hardiness problem will be considered in the discussion 
of the results. 

MATERIAL AND METHODS 

A considerable amount of ])iTliminary work, extending over a 
period of 2 ycai’s, was done before the ])rocedure now^ in use was 
adopted. Since very few of theT|>reliminary experiments are reported, 
only a detailed account of the j)resent procedure is given. 

OBTAINING THK SAMPLE 

For the main test reported in this paper, four varieties,namely, 
Turkistan (F.C. 15754), Grimm (F.C. 15713), Nebraska Common, 
and Arizona Common (F.C. 15837j, were planted May 13, 1931, in 
nursery rows. When samples were desired in the fall the plants were 
dug to a depth of approximatelv 6 inches and taken to the greenhouse, 
where the root3 were trimmed and quickly but thoroughly washed. 
Each sample consisted of about 5 inches of the root below the crown, 
the crown tissue and tpps being removed. The crown tissue was 
removed in order to secure a more uniform sample, some of the plants 
having a very large woody crown and others having much less. 
Immediately after the roots were cleaned and the surface moisture 
allowed to evaporate, the roots were weighed for the samples. A 
very small qu antity is sufficient for an analysis, as little as 5 to 10 g 

8 coDvenienoe the term ''varieties" will be used throughout this patier, although It is not strictly 
rom botanical viewpoint. » 
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^being used in some instances. To insure a larger and therefore more 
i^epresenlative population of plants, however, a sample consisting of 
of roots .was used in each of the tests. A corresponding sample 
of approximately the same weight w^as taken for the diy-weight 
determinations. 

ATter being weighed, the sample was ground in an ordinary, easily 
cleaned meat chopper. Three hundred cubic centimeters of distilled 
water saturated with toluol was then added to the 75 g of ground root 
material and tlui whole thoroughly shaken and allowed to extract at 
room temperature overnight, usually 2{) hours. The samples for 
dry-weight determinations were ])laced for 24 hours in an electric 
oven maintained at 100° to 105° C. 

I)ET?:HMINAT10N of original and eUOTEI’TED DIASTATIC ACTIVITY 

At the end of 20 hours’ extraction the material wuis filtered through 
a no. 12 Whatman folded filter paper and the saccharifying power of 
the filtrate determin(‘cl. Various studies concerning time of extraction 
and filtering as compared with nonliltering indicated that within 
reasonably wide ranges no great differenc'es in results were obtained. 
(Vuisiderable care, however, was exercised in using a uniform method 
of ])roc(Mlure throughout an experiment. 

The tcTin ‘Siriginal activity ” is used to designate the diastatic activ¬ 
ity as determined directly from the root extract. The term ‘^pro¬ 
tected activity” is used to designate the diastatic activity as deter¬ 
mined after exposing the extract to a temperature of 70° (\ for 10 
minutes. 

The term protected activity” refers to the apparent protection of 
the enzyme by the medium in wdiich it is found, enabling it to with¬ 
stand.high temperatures. For examjile, a determination by this 
method showed that the diastatic activity of saliva was greater than 
that of an ecpial (juantity of alfalfa-root extract, but that wiien heated 
to 70° (\ the diastatic activity of saliva was reduced practically to 
zero, whereas in som(‘ instances in the fall the diastatic activity of 
a’falfa-root extract, as will be sliowm, is roduced only 50 percent. 

To determine the original diastatic activity, 2 ec of the filtrate 
(whicli is also called the extract) was added to 25 cc of 2-percent 
potato-starch solution prepared b}^ the Lintner method, w^hich had 
been brought to the digestion temperature of 30° C. by means of a 
constant-temperature w^ater bath. The enzymes w-ere allow^ed to 
aiit upon the starch for a period of 40 minutes. As will be shown 
later, it is important to keep this period the same in all tests. 

The amount of redming sugar in the starch-enzyme mixture at the 
end of the digestion period was determined by the picric-acid method 
suggested by Blish and reported by Blish, Sandstedt, and Platenius {2), 

Briefly, the method used consisted in transferring 1 cc from the 
digestion to a tube containing 2 cc of saturated aqueous solution of 
picric acid and 1 cc of saturated aqueous solution of sodium carbonate. 
This was shaken and placed in a boiling-water bath for 30 minutes. 
After the tubt?s had been removed from the water bath the contents 
were made iip to 10 cc by adding distilled water, and w^ere ready for 
comparison in a colorimeter against a known standard made up from 
a standard maltose solution in the same manner. For further dis¬ 
cussion of the picric aci^ method the reader is referred to Willaman 
and Davison {32). 
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In addition to the sample taken from the extract for the activity^, 
determination, a similar sample was taken for the blank. This wa^j 
heated for 10 minutes in a boiling-water bath and then added to 2&cc 
of the 2-percent starch solution. Since this solution retained n/ di- 
astatic activity, a determination of the amount of reducing sugar gave 
a value which when subtracted from the amount of sugar found after 
digestion would show the amount of reducing sugar that could be 
attributed to the diastatic activity. 

An additional check was made by determining the amount of sugar 
in the extract and in the starch solution, separately, by the picric acid 
method. When added together in the proper proportions, these 
results usually gave approximately the value found for the blank by 
the other method. It was found that heating the extract in the 
boiling-water bath for 10 minutes did not interfere with the aniount 
of reducing sugars to such an extent as to make the results unreliable. 

To determine the protected activity, a 2-cc aliciuot froin the extract 
was placed in test tubes especially measured for uniformity in thick¬ 
ness of wall, and these were placed in a water balh kept at exactly 
70° C. for 10 minutes. After the tubes had been cooled 1 minute in 
lap w^ater, 25 cc of starch solution was added immediately to each tube 
and the whole shaken and placed in the constant-temperature bath at 
30°. Digestion continued for 40 minutes, as in the original-activity 
determination, and in all other respects the same procedure was 
followed in the determination of the protected activity as in the 
determination of the original activity. 

Although the digestion was allowed to proceed only 40 minutes, for 
the sake of clarity all results are calculated on the hour basis and in 
terms of dry matter, that is, in activity per gram of dry matter ])er 
hour. 

Throughout the procedure great care was taken in pipetting. 
Automatic pi])ettes were used where possil)le, and in other instances 
care w^as taken not to allow saliva to contaminate the tubes. Checks 
made on the use of traps in pipetting showed that no measurable 
contamination w^as involved in the present method, in wlncdi traps 
were not used. 

In all the work duplicate or triplicate activity determinations were 
made for each extract. ITsually good checks w^re obtain(‘d between 
the duplicates, the error not exceeding o percent. 

Inflxtenck of Time and Tempekatuke 

As stated by Gortner {9) and others, in determining enzymatic 
activity it is absolutely necessary to consider time as a factor. This 
is no doubt particularly true in the experiments under consideration, 
because a limited amount of starch solution was used and tlie con¬ 
centration of the end product increased as the action progressed. 

In figure 1 the rate of increase in sugar concentration and the 
diastatic activity per gram per hour has been plotted against time. 
Two cubic centimeters of alfalfa-root extract was plafed in 25 cc of 
2-percent starch solution; 1-cc samples were withdrawn at intervals, 
and the activity was determined on these in the usual manner. The 
curve indicating the maltose produced, in milligrams per gram per 
hour, shows how exceedingly rapid the activity was during the firijt 
few' minutes. If the action had continued* at the same rate there- 
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%after the extract from 1 g of alfalfa root would have produced the 
Equivalent of 35 g of maltose from starch in 1 hour. Actually, how- 
evw', presumably because of the limited amount of starch available, 
thej|e was produced at the end of 1 hour only 2.44 g of sugar. The 
reduction m activity with advancing time is shown by the slope of 
the curve in figure 1 . 

The actual increase in reducing-sugar accumulation in the starch- 
enzyme mixture is also shown in figure i. The increase in sugar was 
very rapid lor the Jirst 10 ininutes, but the accumulation was less 
rapid, though consistent, from that })oint up to 2 hours, when it 
reached 13.2 mg maltose per cubic centimeter of digestion. That 
the mixture had not readied equilibrium even after 2 liours is indi¬ 
cated by tlie fact that at the end of 26)2 hours the concentration of 
maltose had increased to 17.7 mg per cubic centimeter of digestion. 



KE 1 Intluenfe of pmod of dijipatiou on diastatic aciivitV of alfalfa-root extract, measured in milli¬ 
grams of maltose per cubic cent imeter of digestion and milligrams of maltose per gram of root (rirv matter) 
jier hour. 


The leiijjtli of time allowed for digestion for the activity determina¬ 
tion is su])ject to variation depending upon the, objeet of the test. 
To determine the point of starch-sugar equilibrium a long period 
must be »ised; to determine the activity a short period must he used 
when there is a limited amount of stareh. In tlie tests reported in 
this paper, a somewhat intermediate period of 40 minutes was chosen 
with the expectation that it would serve both to ^ive an indication of 
activity and also the ability of each variety to swing the starch-sugar 
equilibrium in the sugar du;ection. 

A similar period of 40 minutes for digestion was chosen for deter¬ 
mining the protected activity. Throughout the tests the 40-minute 
period for digestion was used unless otherwise specified, even though 
in most of th^*tabular data the activity is calculated on the per hour 
basis. 

Figure 2 shows the results of exposing alfalfa-root extract to various 
high temperatures previous to determining diastatic activity. This 
iJbst was made on an extinct of Nebraska Common alfalfa, the .sample 



224 Journal oj Agricultural Research Voi. 48, no. 3 

being obtained during the summer, which would account for its lo^y-^ 
activity at 70° C; 

Five 2-cc aliquots, in duplicate, were heated in the vl^ater bath/l’or 
10 minutes, at five different temperatures. The first set was hefited 
at 58° C., the second at 62®, and so on at 4° intervals up to 74°. ^ As 
a check, the original activity was determined without any heating. 
As wUl be seen from figure 2, the heating at 58° did not change the 
activity of the extract to any extent. 

Heating at 62° C., however, instead of decreasing, slightly increased 
the activity of the sample. Additional tests showed that heating at 
a temperature just below that at which injury occurs apparently 
stimulates activity. At 66° the enzyme was injured slightly by 
heating and showed a reduced activity, at 70° tlie reduction was 
much greater, and at 74° there was veiy little activity. This reduc¬ 
tion in activity is not constant for different extracts, as it depends on 
the condition of the extract. For example, an extract from hardened 
plants in the late fall does not show so great a reduction at 70° C. 



Figure 2. — ElTect of exposing extract from alfalfa iropis to various high temperatures for 10 inimites jirex ions 
to deterniinmg diastatic activity; the activity determinations were made at 30“ C\ 


Instead of the rate l)eing: 121 ing of nialtoso per gram per liour, as in 
this case, it has been found to bo from 280 to 1,448 mg of maltose p<*r 
hour. (See table 5.) A uniform procedure of heating to 70° was 
adopted throughout, as this temperature brings out best the differences 
in the hardened condition without being too severe for unhardened 
material. 

RELATION OF DIASTATIC ACTIVITY OP ALFALFA TO VARIETAL 
' AND SEASONAL DIFFERENCES 

ORIGINAL DIASTATIC ACTIVITY OF HARDENED AND UNHARDENED AUALFA TOPS 
AND ROOTS AT VARIOUS TEMPERATURES 

One of the objects of the enzymatic study was to determine whether 
the ha.rdy varieties had a greater diastatic activity than the nonliardy 
varieties, particularly in the hardened state, and whether there was 
any change in the enzymatic activity during the hardening process. 

In one of the first experiments the tops of the hardy variety 
'Thrkistan and the tops of Utah Common, a relatively nonhardy 
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%yariety, wero (•()in])ared in both tlie hardened and the nnhardened 
eondition. In both cases the nnhardened niatcuial,(exhibited g:reater 
activity tban’tlu* hardened material. Tlie hardened Tiirkistan had 
a sii^trhtly greater activity than tlie hardened Utah tops; this differ- 
eiic.o, however, was not very great. 

A second test was conducted on 2-month-old plants of tlie hardy 
variety Grimm, and a nonhardy variety of Arizona Common. In 
this experiment both tops and roots w^erc used separately. It was 
found tliat the roots of both varieties had approximately five times 
as great diastatic power, per gj*am of dry weight, as the tops. Again 
it was found, particularly in the tops, that the nonhardy variety had 
the greater a(*tivity. In these experiments, as in later ones, results 
(H)nsistently showt'd greater activity in tissues ha\dng the most rapid 
growth, but did not serve to differentiate hardy from nonhardy 
varieties. 

The n(‘xt experiiiHUii was the first to indicate a deviation from the 
previous experiments, and is particularly im]>ortant in that it formed 
the basis for future work on heating tests. In this test the material 
(alfalfa tops) was dried in an oven at C. for 30 hours. It 

was then ground and extracted, and the enzymatic activity was 
deterJiiiued. Contrary to former results, the hardened material 
showed greater activity than the unhardened. This reaction, 
although not understood at the time, served to stimulate further 
research along this line and formed the starting point for more exten- 
sivi‘ work on the protected diastatic activity. Another interesting 
feature of this experiment was the det(*rmination of the enzymatic* 
activity at lower f(‘mperatures. It was thought that perha})s the 
hardy varietic's would show gr(*ater activity at lower tcjuperatures 
(near J)°), corresponding to their ability to liarden. This, however, 
did not ])rovo to be the c ase, since near 0® as well as at 3()° Arizona 
(\>mmon had a, slightly higher activity than Gjimm. 

ORIGINAL AND I'ROTEGTED DIASTATIC ACTIVITY OF ALFALF\ VARIETIES 

Winter of 1930-81 

Early in the fall of 1930, after the previous yearns work had indi- 
catc'd that th(‘ a<*tivity of the enzyme after heating had some relation 
to winter-hardiness, certain changers wtit made in the method to 
insure greater accuracy in the determinations. It was at this time 
that the present methods wttc adopted wdiich, as previoiish' stated, 
involved using fresh, macerated material for extraction, filtering the 
extract, and taking alicpiots from tliis extract for the determinations. 
In addition, a cHmstant-temperature water bath w^as substituted for 
the hot-air ovcui, and a uniform time of exposure for the protected- 
activity determination was adoptcnl. It was found that the small 
quantity of extract used, when placed in a 20-mm test tube and 
immersed in the water bath, would reach approximately the tempera¬ 
ture of the water bath in 2,^ minutes. In order to allow sufficient 
time for the llhated material to come to the temperature of the water 
bath and to remain at that temperature for a short time, a uniform 
period of 10 minutes was adopted. 

For the first test in which this method was used, 1-year-old alfalfa 
foots of the Aiizona Coiiunon and Turkistan varieties’ w ere dug from 
the field December 19, 1930. The roots were trimmed just below the 
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crown 80 that no bud tissue was included in the sample. The roots, 
were then washecj, weighed, and ground. The results (table 1) show 
very little difference in the original activity but a striking diffcro^ice 
in activity after heating, the acthity of Turkistan beii^ much^less 
reduced by heat than that of Arizona Common. The original 
activity of both samples was liigh, producing more than 4,600 mg of 
maltose per gram per hour, and there was not a great difference 
between the two varieties. If the activity of Turkistan is taken as 
100 percent, the activity of Arizona Ckuiimon is 92 i)ercent. On the 
other hand, if the activity of the. heated e.vtract of Turkistan is taken 
as 100 percent, that of the heated extra<'f. of Arizona (Common is 
only 22 percent. 

Table 1. —Original and protected diasiatic activity of roots oj Turkistan and 

A rizona Co m mon 


Varietj 


Dia.siali(' art IV It \ finaUoso 
per uram ppr hour) 

I 


Original 


Protected « 


Turkistan*'. -_ OOH 1 2.21)1 

Arizona Common *>. - - - I 4.612, l‘.)l 

Turkistan'. —, - . j .\022 ; 7n 

Arizona Common e. .. , . . I 2,643 , 23 

1 


® Activity of extract after beln« heated 10 minutes at 69“ C 
Determinations on extracts were made immediately after preparation. 

«Determinations on extracts were made Jan, 17,1931, 2s days after jireparatjon. 


The extract from the Turkistan and Arizona Common varieties 
was kept in the,laboratory at room temperature until January 17, 
1931, when a duplicate set of activity determinations was mad(‘. Tin* 
results given in the last half of table 1 indicate very strongly that tlu' 
hardy variety maintains its original activity better than the nonhardy 
variety. In other words, the protective power which enables the 
enzyme from the hardy variety to withstand heat to a greater extent 
than that from the nonhardy variety also enables it to withstand the 
effects of being in a mixture witli water for a considerable length of 
time. It will also be noted that changes have occurred wiiich make 
the enzymes unable to withstand heat as well as when the samples 
were fresli. Thus, when the Turkistan extract that, had been hold in 
the laboratory was heated to 69° C. for 10 minutes on January 17, 
it retained an activity of only 75 mg, as compared with 2,291 rag for 
the freshly prepared extract. The Turkistan variety, however, still 
maintained a superiority over the Arizona Common variety. Hy¬ 
drogen-ion determinations by the colorimetric method showTa clearly 
that the extract had become more acid. 

A second experiment was undertaken which included the four 
varieties Turkistan, Grimm, Kansas Common, and Arizona Common. 
The samples were obtained December 22 from the field, when there 
was about 4 inches of frost in the ground. The roots were treated as 
in the previous experiment, the extract being heated to 69° C. The 
r^ults are riven in table 2. Here again, wliile there are no great 
differences between the originri activity of any of the varieties, the 
activity after they had been heated sharply ^and distinctly separated 
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^Grinim from TurkiBtaii, Kansas Common from Grimm, and Arizona 
Common from Kansas C^ornmon, and in tlie same order as in field and 
artificial-freezing tests {21, 23), 

Table 2. —Original and proivcAed diastaiic activiiy of 4 alfalfa varieties taken from 

field plots Dec. 22^ 1930 


Ww Iff \ 


'ruiki.staii-_ - 
Oiiniui. .. 

Ktinsns roininou. - 
Ari/omi f’oiiiinoiK 


« of f\tnu*l aftfi bfinpr hfatcd 10 numilfs at 00'* O 


I I)iasf at If act 1 V 1 f y (inal lose 
jjer grani i)fr hour) 


Ordinal 

Protected « 

Milligrams 

Milligraim 

4,41M 

2, IGl 

4.S,V) I 

1, 78« 

4. 7:h 

1, fi3t» 

4. 1<)7 1 



At least three other varieties, namely, Ladak, Nebraska Common, 
and California (\)mnK)n, were tested by the protected-activity method 
and found to give results which jdaced them in their respective winter- 
hardy positions. 

Several attempts were made to use germinating seedlings in the 
hardened and unhardened state to determine theij* relative hardiness 
by tlie enzymatic method. Seedlings 3 to 15 days old, hardened for 
4 to 10 days, served to bring out reliable differences between varieties. 
However, since tlie dilferences were neither so large nor so consistent 
as those obtained from field plants, the latter were employed in all 
tests mad(‘ during the pres(‘nt investigation. 


WiNTEU OF 1931 32 

Following the method outlined above, the four alfalfa varieties 
Turkistan, Grimm, Nebraska Common, and Arizona Common were 
planted in rows on May 13, 1931. They were cli|)ped in August, 
when they were in the full-bloom stage. Aloderate growth took place 
after the clipjnng, and on vSeptember 24, when the first samples were 
taken, from fi to 10 inches of growth had occurred, depending upon 
the viiriety. The roots had developed to a relatively large size, since 
the plants were sown in rows, and only 15 to 18 roots were required to 
make up the 75-g sample. 

Sampling was continued tliroughout the winter and early spring at 
2-week intervals. Table 3 gives the dates of sampling, the mean 
minimum temperature for the 2 weeks previous to sampling, and the 
height of the plants at the time of sampling. Additional data are 
given on the condition of the soil, and snow covering, and on general 
plant conditions at time of sampling. 

The high minimum temperatures of early fall made possible the late 
growth of the Nebraska Common and Arizona Common varieties. 
Grimm and Turkistan also continued growth, but were checked by 
shortening day length, particularly Turkistan, much more than were 
the common alfalfas. The temperatures were unusually high for so 
late in the fall, and this, together with the continued vigorous g^ro^vth 
d»f the common varieties, should be borne in mind in interpreting the 
results obtained. 
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Table 8.— Meteorological data and soil and growth conditions at time of samplinf^' 


Date of 
sampling « 

Mean 
minimum 
teini>era- 
lure for 2 
weeks pre¬ 
vious U) 
sampling 

Turki¬ 

stan 

Height 

Grimm 

>r plan is 

Nebraska 

Common 

Arizona 

(\)mmon 

1931 

op 

Inches 

Inched 

Inched 

JnchfM 

Sept. 24. - -, 

m. 0 

6 

7 

9 

10 

Oct. 3-- 

56.0 

10 

12 

14 

15 

Ocl. 21 

47.1 

10 

12 

15 

16 

Nov 4 - - 

13 1 

6 

7 

14 

14 

Nov. 17_. .. 

40 2 





Dec. 7 

27.7 





I>ec 21. 

28 5 


- . 


. 

1932 






Jhti 4 

35 6 

j 

1 

1 U2 

1 

Jan. IS. .. 

13 0 

! 

i 

1 


i 

Feb, 1.. 

12 2 

1 

j 



Fob. 15. 

17. 2 

' - 

.’ 


i 

1 

Feb. 29-,. , 

I 

27 4 


i. 


1 

1 

Mar 14.1 

14 9 



j 

1 

Mar 2S_ _J 

29 6 

Ua 

J‘2 

i 

1«2 

, 1 

Apr. 11 -1 

41 5 

712 

1 


7«2l 

6> 21 

A i)r 25. j 

46 4 ; 

16 j 

r * 

i 

17 ! 


Keniarks 


Very warm 

Orow'th coiitinuod, particiilarlv 
Nebraska Common and Ari¬ 
zona Common. 

(irowtb slimMiip up 
Flrsl frost of year Nov 1. mini¬ 
mum temperature 28*^, tops 
frosted 

(frowtb stopjMHl by frost 
Dormant. 

Do 


K-ine)i snow-, prourid not frozen, 
sli}?ht Kt(*w th<lminK warm .spell 
the week i)re\ ions to hamplma, 
cold immediately preeedim; 
sampling 

H- to 10-meh snow; ground not 
frozen. 

5- to lU-inc'h snow, fro.si 7 metie.s 
in Rrouml 

No snow, fio.st averaged ('»ini’hes 
tleeji 

No fiost m ground, signs of hini 
grow th 

2'inch snow, frost l(t uiehes in 
ground 

N'ew' growth begun 

Aiizomi t'ornmon .showe<i slight 
winlei jnjiir\ none of the 
others injmed 

Vigorous growth 


“ 'Phe original and proteetoil duislatie iietivities lot alfalfas sainided at these d.ihs me i.'i\eri ni t.ibles i 
and /> 


Table 4 gives the original diastatic a<‘tivity of the four ^ arietit^s for 
each date sampled during the 8-montli period from Septeml)er 11)81 to 
April 1932, inclusive. Tlie period is divkhnl into two ])arts, the lirst 
ending January 4. This division was made for several jvasons, hut 
chiefly because there seemed td be a change in tlu'. ros])ons(‘ of th(‘ 
plants at about this date, as will be seen later. The same division is 
followed throughout tlie discussion of the other factors uruU'r con¬ 
sideration. .For brevity the lirst 8 dates will be referred to as the 
^‘fair^ and the last 8 as the ^'spring^^, although the winter ifumths 
are included. 

Possibly the most important objective was the det(U*mination of 
varietal and seasonal differences. From the standi)oint of varietal 
differences, it is apparent that no variety is consistently higher or 
lower in diastatic activity than the others, either in the fall or in the 
spring. In the fall Turkistan liad a slightly liigher average, and 
Grimm ranked second. In the spring Turkistan ranked first, and 
Arizona Common second. 

The seasonal ditt'erence was somewhat more striking,, the average 
of all the fall determinations for all varieties being 3,250 mg of tnalt- 
ose per gram per hour, while in the spring it was 3,975 mg. More¬ 
over, there were no exceptions among the varieties, all showing liigher 
activity in the spring than in the fall. The greatest activity is founcj 
on th^ last date, April 25, when the plants were 16 to 17 inches high 
and growing vigorously. 
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\BLE 4.— Orig'mal diastaiic activity %n roots of 4 alfalfa varieties sampled at 
.i’-week intervals from September J931 to April 1932 


Dute of hiniipliim 


Sept 24 
Oct H 
<;(M 21 
N()\ 4 
Nov 17 
l)w 7 - 
Dec 21 


.hin 4 

\ vf'r a>i(‘ 


Jhii is 
Fob 1 .. 
Feh 17). 

Feb 2 U 
Mar H 
Mar 2 S 
Ai)r 11 
Apr 25 

A \ erajie 


lysi 


19.12 


I9:i2 


I 

' Maltoso per gram (dry weight) per hour 


1 

i 'l urkistiin 

Onnirn 

Nebraska 

Coininoii 

Arizona 

C'oinnioii 

Avwage 

1 Mtltif/rams ' Milligrams 

Milligrams 

Alilligrams 

Milligrams 

3.298 

. 4 , lf >3 

3.424 

3,145 

3,258 

- 1 3,465 

3.615 

3 . 598 

3,996 

3,669 

1 3.000 

2 . 9 S 6 

2.857 

3,145 

2.997 

! 3,017 

2.815 

2,064 

3,122 

2,905 

: 3 . J 87 

3.177 

2,898 

3,075 

3,084 

1 3,274 

3.159 

3 . 18.5 

3 , 138 

3,189 

1 3 . 4 (m 

3 . 496 

3 , .330 

3 , 028 

3 , .330 

.. : 3 .»U 8 

3 , 767 

3 , 499 

3,357 

3,568 

•i. 21 M 

3 . 272 

.1, 182 

i 3.251 

3 , 2.50 

3 . 8.50 

3,772 

3 , 6 fj 7 

1 3.690 

3,745 

- . 3.473 

3 , 245 

3 , 124 , 

3,364 

3,302 

3 . 9 S 0 

3.968 1 

4,027 ! 

1 4,053 

i 4,007 

’ 4,330 

1 3.875 i 

3,912 

1 3,824 

' 3,985 

, 4 , lOK 

3,768 1 

3,697 

3,813 

; 3,847 

4 . .548 

i 4.404 ' 

4 , (K )2 

1 4,124 

' 4,270 

1 3.59 

1 3,969 ' 

4 . 151 

1 4,410 i 

4.222 

1, 70 <. j 

1 1, 164 1 

4 , 272 i 

4,555 j 

4 , 424 

... ' 1 . 169 1 

3 , .896 ' 

. 1 , 8.5 < j 

1 3,979 ^ 

3,975 


It sliould be. pointed out liere, however, althoui!:li it will be dwelt 
upon in further detail later, that another and apparently important 
reason for the increased activity shown as lat(‘ wint(*r advaiu'es is 
due to tin* decreasinjr piucentage dry weiirht of the roots. Since 
the da*ta are on the dry-W(‘i^ht basis, in tin' case of hii^li per(*entaji:e 
dry vviM^ht in the j'ools the factor us(al to brin^ the results to milli- 
j^rains per ^ram (d?y weig:ht) ])er hour would be relatively smaller 
tlian the factor used when the sample contained a much smaller 
dry weight. 

Entirely dilferent resvdls wctc obtained in rt'^ard to the protected 
diastatic activity. In regard to varietal responses the difTerences 
among the varieties in the fall were vejy striking, as sliown in table 5, 
where the average ])rotectetl activity of triplicab' samples of each 
variety for eacii date is given. These data are summarized in 
simpler form in table b, where the varieties are ranked according to 
their i)rotected diastatic activity. 

During the fall period Turkistan ranked first on 7 of the 8 dates, 
and on the eighth date ranked second. (5rimm varied somewhat 
more from second i)la(‘e, but maintained a fair difference over 
Nebraska Common in tldrd place. Arizona (/ommon was con¬ 
sistently low and ranked fomth 6 times out of 8, definitely taking 
last place. The average ])rotected diastatic activity of Arizona 
C^oinmon was slightly higlier than that of ^Nebraska thmmon, but 
this can be ajQcounted for by the unusually high values for Arizona 
Common on October 21 and January 4. When the root reserves, 
which will be discussed later, are considered, it will be difficult to 
explain not why Arizona Cojumon was so liigh but how, in spite of 
^ fall develojmient tliat particularly favored Arizona Common for 
root storage, the protectcitl diastatic activity was so low as to indicate 
that this variety was the least winter-hardy of the four. 
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Table 5. —Protected diastatic actimty in roots of 4 alfalfa varieties sampled a^ 
2^week intervals from September 1981 to April 1982 


Date of sampling 


Sept. 24.. 

Oct. 8 _. 

Oct. 21.. 

Nov. 4.. 

Nov 17. 

Dec. 7. 

Dec 21 . 


Maltose per gram (dry weight) per hour 


Turkistttii 


Orimm 


Millifframs j Milltyra ms 


- I 


Jan. 4. 

Average, 


Jan. 18_ 

Feb. 1 . 

Feb 15,,,. 
Feb 2 «-,- 

Mar. M_ 

Mar 28.,., 
Apr IL . 
Apr 2r> .. 


1932 


1932 


414 
2HV 
1 . 180 
1.090 
1,443 
l.2:i9 
939 


908 

947 


072 

1, HS ! 

rm j 

301 1 

:«)0 I 
t)0 ! 
:« 

10.1 1 


332 

248 

riso 

m 

,147 

739 

:il7 


1,213 


Average. 


4<K) : 


047 


♦99 

587 

m 

278 

371 

172 

29 

49 

310 


1 

Nebraska I Arizona 
(^omnion (^ommon 


MiUigram 

272 

228 

744 

052 

027 

:{08 

022 


354 

483 


742 1 
377 ! 
79,5 I 
.320 i 
2SH ' 
140 i 
7.) 1 
10.3 I 

.3.57 i 


MiUigratns 

248 

188 

1,031 

550 

497 

335 

280 


880 

502 


H08 

447 

.331 

24.5 

14.5 
1.5( 


.105 ' 


Average 


Milligrams 

317 

238 

887 

722 

929 

070 

.540 


8,5.5 

04.5 


095 

040 

,53.3 

:103 

278 

13.5 

,51 

109 

3U 


Table 6, — Rank, based on protected diaslatic activity, of 4 alfalfa varieties sampled 
at 2-week intervals from Heptember 1981 to April 1932 


Date of 
.sarapliiig 

Turki¬ 

stan 


Nebrjis- 
ka Com¬ 
mon 

Arizona i 
Com- 1 
mon j 

Date of 
.sampling 

Turki¬ 

stan 

(Jnnirn 

\el)?as- 
kfi ('oin- 
mon * 

.\rizona 

Com¬ 

mon 

1931 

Sepl. 24. 

1 


3 

i 

4 ! 

1932 

Jan. 4 . 

2 

J 


3 

Oct. 8 . 

1 

2 

3 

1 4 ! 

Jan. 18 . , 

i i 

4 

2 1 

1 « 

Oct. 21 -. 

! 1 

4 

. 3 

2 ' 

Feb 1 ... 

1 i 

0 

’ 4 1 

1 .3 

Nov. 4. 

1 


2*1 

i 4 ! 

Feb 1,5... J 

! 2 1 

3 

! 1 1 

1 1 

Nov. 17. 

1 

! 2 


1 4 i 

Feb. 29.i 

' ’ 1 

3 

.) j 


Dec. 7. 

i 1 

1 2 

a 


Mar. 14. 

2 1 

1 

1 3 ! 

1 4 

Dec. 21 . 

1 

3 

2 

4 I 

Mar. 28- . . 

1 4 1 

1 

i 3 i 

i 2 


1 


i 

1 

Apr. n . 

' 3 ! 

4 

1 1 i 

i 2 



1 

_J 

1 

j 

Apr 25_ 

1 2 i 

* .-.J 

4 

i J 

i ' 


It is interesting to note that the protected-uctivity data for the 
spring do not serve to bring out the varietal differences in their correct 
order. Wliile Turkistan has a slightly higher average, the rank of any 
variety, as shown in table 6, is not sufficiently consistent to cstahlisli 
the superiority of any one variety. For the period from February 1,5 
to March 14, however, Arizona Common ranked fourth. During the 
latter part of tliis period the most severe temperatures of the winter 
were recorded, and frost penetrated 10 inches into the ground, the 
greatest dejitli recorded during the winter. It is significant that the 
only Munter injury found the following spring was in Arizona Common. 
The mjury, which was slight, doubtless occurred during this period. 

The trend with respect to the seasonal difference is also of especial 
interest. In the early fall the average protected diastatic activity 
for the four varieties was only 238 to 317. On October 21 it rose very. 
<>rapi41y to over 800 and maintained a high vafue for 6 weeks. For the 
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^lext 4 weeks the protection of the enzymes grafUially decreased, but 
was again high on January 4. It is interesting to consider the mean 
minimum temperatures for the 2-week periods preceding sampling. 
Fordhe fall period a decrease in protection occurred when the mean 
minimum temperature was above 50° or below 32° F. On the other 
han3, the large increases in protected activity occurred when the pre¬ 
ceding mean minimum temjieratures were between 32° and 50°. 
Thus it ajijiears that hardening occurs at the latter temperatures. 
The same relation holds true for the late winter period, with the addi¬ 
tional fact that where the minimum temperatures are quite low, as 
between 12° and 14°, tlie change in protection, although downward, 
is not so rapid as when the minimum temperatures are just below freez¬ 
ing, as at 27° and 29°. It is probable that this can he explained on 
the basis of more rapid respiration at the higher temperatures. The 
fact that rajiid changes occurred within apparently dormant plants 
indicates the labile condition of living plant tissue. 

The gradual but consistent decrease in protection to the diastase 
against heat as the season advances from winter to spring is very strik¬ 
ing and is logically correlated with tlie reduced food reserves indicative 
of the early spring “critical period'’ mentioned by vSteinmetz {28)y 
Peltier and Tysdal (22), Saltikovsky (2f5), and others. 

The very lowest point in ])rotected diastatic activity, namely 51, 
was reached after growth had started vigorously and the idants hacl 
attained a height of about 7 inches. When the samples were taken on 
April 25 the new growth was about 17 inches in height, and by that 
time there was a slight increase in the protected aidivity. Further 
studies are being pursued throughout the summer to determine the 
reaction of the (liastase in relation to growth. 

RELATION OF ENZYME ACTIVITY OF ALFALFA TO SUGAR IN 
EXTRACT AND TO DRY MATTER IN ROOTS 

As previously stated, the reducing sugar (calculated as maltose) in 
the extract and the dry matter of the roots w as determined. The val¬ 
ues found for the quantity of reducing sugar per cubic centimeter 
of extract are gi\'en in table 7, and the |)ercentages of dry matter in the 
roots in table S. Although the data in table 7 are not represented as 
being a correct analytical procedure for determining root n'serves, the 
values found should bear a rather definite relation to the total carbo¬ 
hydrate reserves in the root, inasmuch as the root imuss is ground and 
the diastatic enzymes are allowed to act for a period of 20 to 24 hours 
in the carbohydrate material of the root. That this method should 
give an accurate indication of the carbohydrate root reserves is not 
essential for present purposes, except that it would be of interest as 
showing the general trend of reserves, which is strikingly illustrated 
in the data from early fall to late spring. It is also interesting to nofe 
that the least hardy variety, Arizona Common, has the highest 
average amount of sugar in the extract. 
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Table 7. —Maltose per cubic centimeter of extract from roots of 4 cdfolfd varieties 
sampled at !B-week intervals from October 1931 to April 1933 


Dfttc of sampling 


Oct. 21.. 

Nov. 4_ 

Nov. 17. 

Dec. 7. 

Dec. 21. 



Jan.4. 

Average, 


1932 


Jan. 18. 

Feb. K... . 

Feb. ir>_.. 

Feb 29. 

Mar. 14. 

Mar. 28... 

\pr II. 

\pr 2.*) - -- 



Average__ . . 


Turkistau 

Oninni 

Nebraska 

Common 

1 

Ari 7 ona 

Common 

Average 

Milligrams 

Milligrams 

Milligrams 

Milligrams 

MtUiarams 

11.00 

9.31 

8 . 57 1 

9. HO 

i 9.82 

5.99 

0.40 

7.53 

0.40 

1 fi. 00 

7.13 

7 87 

9 90 

10,80 

1 8 m 

5.11 

5 28 

6 62 

8 42 

0.33 

4 85 

5 57 

5 79 

8.98 

I 0.30 

I 

4 24 

5.02 

1 5.50 j 

H 57 

5 98 

(> 49 

i 0.09 

1 7 31 

8.84 

! 7 33 

5 39 

5 75 ' 

0 35 1 

' 9 09 ' 

' 0.80 

4 02 

4. 57 1 

4. 52 

: 5. ftO I 

4 80 

3.12 

3 34 

3 23 

5 50 ! 

3. 80 

.3.49 . 

4 72 1 

4 75 1 

<i .02 i 

4 W 

2 48 , 

3. 29 i 

3 \U 1 

.5 37 1 

3 05 

2 .S 2 ; 

.1, 2.5 ' 

.3. 10 i 

4 27 , 

( 30 

2 fi 2 I 

2, 59 ' 

2.49 . 

3 53 1 

2.M 

2 99 j 

2 53: 

2.51 

2 0.5 1 

2 f .8 

3 11 i 

3 70 

3 SI , 

5 39 

1 10 


Table 8. Diy matter in roots of 4 alfalfa varieties sampled at ,i-meik intii vals fnnii 
September I9:U to April 19,).^ 


Date of sampling 


Turkistan 


Oririiiij 


Nebraska | .VruoiMi 
Oonirnon j (’oimnon 


A ^ crape 


1931 Prrant i 

Sept 24 . 32 h : 

Oct. 8. 32 ! 

Oct 21 . . . 39 7 

Nov. 4.f . 35 9 1 

Nov. 17. . - J 3.) r> I 

Dec. 7. . ! 33 1 

Dec. 21 .. ..■ 30 5 j 

1932 i j 

Jail. 4.-.I 30.9 i 


Pnerut 

Pf Trent ' 

lUntni 

Pa cent 

32 7 , 

30 9 1 

32 7 > 

32 3 

32 5 

31 0 

30 3 ' 

31.7 

.30 1 , 

35 9 ' 

33 9 

35. 7 

38 0 . 

39 9 , 

31 3 

37.0 

36 0 1 

38.7 

30 0 

30 h 

33 .5 ! 

34 3 i 

.34 5 : 

;t,3 9 

30 0 , 

31 0 ! 

32 7 

31 2 

1 

29 3 i 

32 3 i 

32 4 i 

31.2 


Average . . 


1932 

Jan. 18 .. .. - . , 

Feb, 1 . 

Feb. If) . 

Feb. 29... 

Mar. 14.. 

Mar 28.. 

Apr. 11. 

Apr- 25.. 


I"- 

! 


3.3.5 


28 K 
28 5 
27 9 
20.5 
24.7 
23.1 
20 5 
20 5 


3.1 5 

34 1 

29.6 

29 0 

29 9 

29. 0 

28 0 , 

28 5 

28.9 

27 9 

20.7 

20.7 

24.1 

2fi 3 

20.7 

21.5 

20.0 

20 1 


3.1 1 ; ;w.7 


30 0 ' 
28 5 

27.9 

28.9 
25 3 
25. 5 
20 9 
19 5 


29. 5 
2ii. 1 
28.1 
28. 1 

25.9 
24 8 

20.9 
2 f ).0 


Average. 


25 1 


20 0 



25 8 


For the purpose of the present study it is sufficient to know tliat 
the data given, are, witliin the error of determination, the actual 
amounts of sugar present in the e.xtract when the determinations were 
made of the original and protected diastatio activity. The data may 
therefore he compared directly with the activity determinations 
presented in previous tables. Similarly, the dry-matfecr percentages 
given in table 8 may be compared directly with the activity determi¬ 
nations. Comparisons between the various sets of data were made 
by means of the correlation coefficient, values of which are as follows: 
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Correlations between^ Coefficient 

^ Original activity and protected activity, __—0.5259 

Original activity and percentage dry matter, _ _ . _ —.9057 

Protect(5d activity and i)crceiitage dry matter. ___ . 5024 

Protected activity and miJligrams of maltose per cubic centimeter 

i»f extract . ... . . _ , „ .5167 

Milligrams of maltose per cul>ic centimeter of (‘xtract and percent¬ 
age of dry matter . ____ .8280 


"riie partial correlation between ])rotecte(l activity and percentage 
of dry matter, wh(‘re millij^rams of maltose p(‘r cubic centimeter of 
extract was held constant, g:ave a value of 0.2802; while the partial 
correlation between pr()te(‘ted activity and miUio:rams of maltose per 
cubic <‘entimet(‘r of extract, where ])er('enta^e of dry matter was 
held constant, g*ave a value of O.llOO. 

The multiple (‘orn^lation between protected activity and both per¬ 
centage of dry mattei* and milligrams of maltose per cubic centimeter 
of extract was 0.5097. 

Jud^(‘d by th(‘ level of sig:nificance as pven by Fisher (8) all tin* 
simple correlations are significant. It Is interesting to note tlie high 
negative conelation lietween original activity and percentage of dry 
matter, whiclj confirms the ])revious statement that the lower the dry 
matter the higher the factor for changing activity into terms of per 
gram per hour and coiisetpumfly the liigher the activity. The rela¬ 
tively high positive correlations between protected activity and dry- 
matter content or milligrams of maltose j)er cubic centimeter of extract 
are of especial importance in showing a relationship between these 
factoj's. 'Phis relationsliip is to ho expected on the basis of the pro¬ 
tective* action of sugar. The <‘orr(*lation might very easily be con- 
sideralily higlu*r if each variety could l)e analyzed separately, because 
tlie fact that Arizona tVimmon is highest in amount of sugar in the 
extractr yet one of the lowest in ])rotected enzymatic activity doubt¬ 
less tends to reduce the correlation coefri(‘ient. Possibly the fact that 
Arizona Common and Nebraska (Vimmoii had a miudi greater growth 
in tlie fall than tin* other two varieties may acemmt for the difference 
in the amount of reducing sugar in the extract. 

As would be supposc'd, tliere is a very high positive correlation 
between milligrams of maltose per cubic centimeter of root extract 
and percentage of dry matter of the root. This close relationsliip 
apparently greatly r(*duces the partial con*elation coefficients when 
either factor is (dimiiiated. When both are considered in relation to 
protected activity in the multiple correlation, the resulting coefficient 
is somewhat higher than either of the simjile correlation coefficients. 

RELATION OF STARCH-SUGAR EQUILIBRIUM IN DIASTASE 
DIGESTION TO SEASONAL DIFFERENCES 

From figure 1, where the activity of the enzyme in 2-percent 
soluble starch is shown, it may be seen that the rate of sugar accumu¬ 
lation is very slow during the diastase dijyestion after about 30 
minutes; and, although it has not reached equilibrium, as shovni by 
the fact that ?ugar continues to increase for at least 20 hours, it may 
be said to be approaching equilibrium. A tabulation of the (piantity 
of sugar in the diastase digestion might show whether varieties 
differed in their ability to produce a higher concentration of sugar in 
the digestion, and whether the differences were due to the seasonal 
change from fall to spring. The data (table 9) are taken directly 
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from the determinations made for the original activity, being the 
amount of sugar in milligrams per cubic centimeter produced by the 
enzymes in 2 cubic centimeters of tlie root extract in a 2-perccnt 
starch solution in 40 minutes. 

Table 9. —Sugar concentration produced in minutes on, ^-percent starch solution 
at 80^C. by diastase of root extract from 4 alfalfa varieties sampled at 2-week 
intervals from September ]08l to April 1982 


Mrtltosp |M*r cubic cenliiueter of dicc.stion of 
j starch h^ (iiastase from- 


Date 

of saraplini! 

- 

1 

• , 


A verage 



Tnrki.stan 

Oriinm 

Nebraskii * 
CoTTiTnor 1 

t 

Arizona 

(^oininon 




1931 

Mithgrams 

MiUmnmit 

MiUuirnniH 1 

Milhgrajnjt 

mix 

Sept. 2i . 


13..% 

12 81 

13.08 ; 

12.00 

12 

90 

Oct. 8. 


13 02 

14 K 

14.04 1 

11 03 

14 

35 

Oct. 21. 

_ .. _ _ 

13 5H 

13 32 

12 0.5 1 

13 1.5 

13 

IS 

Nov. 4.. 


13 3(> 

13 21 

13 11 1 

13 21 

13 

22 

Nov. 17. 


13 Of. 

11.12 

13.84 i 

13.07 

13 

iKl 

Dec 7. 


13 35 

13 05 

13 40 , 

1.5.30 

13 

31 

Dec. 21 . . _ 


13 Od 

12 05 

12 00 ' 

12 21 

12 

so 


1932 I 



1 




Jan. 4 

_ . j 

13 0.1 

1.1 01 1 

[ J3 04 . 

13 43 1 

13 

71 

AveniLM'.... 

. -- 

13 57 

13 45 

1.3. .40 i 

13 33 , 

13 

41 


1932 1 



j 




Tan.IS . 


13 fiO 

13 72 

13 10 t 

13 07 1 

13 

f>2 

Feb. 1.. . 


12 24 ! 

11 07 

11 4J 

11 K5 ! 

11 

87 

Feb. 15 . 

1 

' 

13 bf. ! 

13 73 

14. 17 

13 05 

1.3 

S8 

Feb. 29 . 


14 10 , 

13 M 

13 40 

13 00 ' 

1 1 

70 

Mar. 14 . 


12 51 ' 

12 41 

12. 17 

1 1 03 ; 

12 

2fi 

Mar. 28 . 

i 

12.05 ' 

13 12 

12 OH 

12 07 , 

11 

01 

Apr. T1 . 

1 

11 0,5 1 

to 11 

11 00 

1! 10 1 

10 

80 

A,pr. 25 . 


13 42 , 

11 .57 

11 05 ' 

12 32 , 

!2 

32 

.Averape .. 

...j. 

12 Off i 

12 .50 1 

12. ^.7 ! 

12 72 ' 

12 

70 


The data for fall and spring are given separately, as in previous 
tables. The averages obtained show that there is a greater amount 
of sugar produced in a given length of tiitie in the fall than in th(‘ 
spring. The difference, tlmugh not great, is consistent for all vari¬ 
eties. The average for all fall’determinations is 13.44 mg of maltose 
per cubic centimeter of digestion; for spring determinations, 12.70 mg. 
Since this is to be expected if changes in the cell contents in tlie fall 
stimulate or cause a shift in the starch-sugar ecpiilibrium, the results 
are considered significant. The varietal differences are neither so 
great nor so consistent. In the fall, however, the Turkistan variety 
had a slightly higher average diustatic imwer, producing 13..^»7 mg 
per cubic centimeter; Grimm was secona, Nebraska Common third, 
and Arizona Common fourth. This order corresponds with tlie 
relative hardiness of the varieties. In the spring the differences 
did not follow'the same consistent trend. It is suggested, therefore, 
that as hardening develops within the plant certain changes enable 
the diastatic enzymes to shift tlu^ starch-sugar equilibrium in the 
sug«Cr direction. This theory doe.s not necessarily conflict with the 
finaing that Arizona Commtm had the highest average amount of 
sugar in tlie root extracted, since it is probable that this variety had a 
much higher total carbohydrate content in its roots when the samples 
Were obtained. 
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, RELATION OF PROTECTED DIASTATIC ACTIVITY TO COLD 

RESISTANCE 

The al)ility of enzymes to resist lieiit or deleterious substances, 
such ns salts of heavy metals, alcohol, etc., is influenced by the me¬ 
dium in wiiich the enzyme is acting?. This fact has been established 
by Euler and coworkers in Sweden (6*), Willstatter and his coworkers 
in (lermany (S3, S4)j and others. 

O^Sullivan and Tom])son (SO) found that to destroy invertase in 
solution recjuired a temperature fully C. hijrher when cane su^ar 
was present than wlam it was absent. 

Willstat ter, (Iraser, and Kuhn iSS) and Willstatter and Wassermann 
(34) show' that while the activity of yeast saccharase may he but 
slightly aHVcted by purification, its heat inactivation is greatly altered. 
The straight yeast extract showed no ina(‘tivation at 52° (\, wiiereas 
a purified preparation w^as reduced 43 percent in its activity. 

Haldane (11, pp, (iO 70) states: 

H()W(‘\or, jjiirificd (‘iizyriu*s aro geiK'rally imich more thennolal)ile than cnide 
prt'paratioihs, and tlie incr(‘ase in Ial>dity often coincides with the disappearance 
of jirotein reactions. Ttic critical temperature and t(*m])er‘atiire coefficients are 
certaiiiK s( inctimc's and possil)l\ always, tho.se of protective proteins or otlier 
(‘olloids ass()ciate<l witli llu' en/\me, and not pro})(*rtie.s of the enzyme itself. 

Vernon (SO) indicati's that the presence of proteins and impurities 
a(‘ling as })rotective colloids or buffers serves to protect the enzyme 
against the inactivating effect of high temperatures. Various salts, 
such as phosphates and chlorides, may also serve as juotective agents. 
If is suggested that th(\v probably form heat-resisting compounds 
with the enzyme. 

Hudson and Paine (12) show’ that fructose acts as a protective 
agent against destruction of invertase by acid, alkali, or hot water. 
They further state (IS) that cane sugar exerts a protective action 
agaitist alcohol, h jiercent of the sugar reducing the rate of destruction, 
in 50-perc(»nt alcohol, to 1 percent of its original value. 

Kockwood [24) found that the addition of suflicient aspartic acid 
to make the concentration of the whole mixture 0.01 N increased the 
action of })tyalin 52 percent. In addition he found that the amino 
acid ser\ctl to ])revent decay of the enzyme, (ilycine was also found 
to stimulate the action of ptyalin. 

Kales and Nelson (7) found that at optimum pH of invertase action 
the salt effect of sodium chloride in the concentrations used ap- 
])roached zero, but if the pH was altered to either side of the optimum 
there was an increased inhibitory salt effect. 

Various workers havo found tliat potassium salts within certain 
concentrations increase the activity of diastatic enzymes. Waksman 
and Davison (31) place potassium salts near the top of the list as 
inorganic activators. 

Englis and Lunt (5) found that the addition of potassium salt in¬ 
creased diastatic activity of plants grown mi peat but not in sand. 
They suggest that perhaps the lowest potassium content was sufficient 
for optimum apcffivity in sand. 

In this connection it is interesting to note that Yasuda (35) has 
found that a deficiency of potassium inliibits the formation of sugar 
and the plants become less hardy. A high application of potassium 
(•ywnder low temperature increases the sugar content of the plants, 
** wliich become consequeilfly hardier. 

47700-^34-4 
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In general, thereforo, it can bo stated tliat the kind and amount 
of carbohydrate ,and of i)rotein or protein derivatives, the colloid 
content, ttie salt content, and the amount of various other substances 
have a direct bearing? on the activity and thermostability of the dia- 
static enzymes. In order to show the inHuence of a few of these factors 
on the protected activity of alfalfa-root diastase the followinj? tests 
are reported. 

INFLUENCE OP DEXTROSE. HYDROGEN-ION CONCENTRATION, AND AMINO ACIDS 
IN THE MEDIUM ON PROTECTED ACTIVITY OF ALFALFA-ROOT DIASTASE 

To determine the effect of supir protection on the diastase of al¬ 
falfa roots, solutions (containing 10, 20, and 40 ]>ercent dextrose were 
made up, and 2 cc of ea(*h added to separate 2-C(‘ alicpiots of the root 
extract. In addition 2 (*c of distilled water was added to amither 
alicpiot, and as a check another aliquot was used without the addition 
of any other substance. Tliese were heated in duplicate in tlie hot- 
water bath at 70° (^. for 10 minutes. 

The results shown in figure 3 indicate that a very high degree of 
protection against heat resulted from the addition of dextrose. The 



Fi<ii RK 3 Iiiflnenre of devlro.so in alUlfa-root oxtmct on lesi'^lunce of fluvstatir (‘nyyniO' lo heat me at Tn 
('. for 10 rmnijte.s, without tivken a-' KM» 


concentration in the extract was 1.4 perctmt dextrose, and this wlien 
heated to 70° C. had a sul)se(|uent diastatic power of l,t)40 mg, 
equaling 51 percent of the original activity, i. (l, the activity of the 
unheated extract. When 2 cc of 10-percent dextrose was added, 
however, making the total concentration 5.7 percrnit dextrose, tlu' 
protectiim increased to such an extent that the subsecpient activity 
was 98 percent of the original. Similarly at a coiucentration of 10.7 
percent the activity was 95 percent of the original, but at 20.7 perccent 
the protective/j)ower was decreased so that th(^ activity was only 58 
percent. 

These', data indicate that optimum protection is nffordcnl when th(' 
concentration in the lieated sample contains from 0 to 10 percent 
dextrose. This corresponds very well to the findings of Newton and 
Brown (75), who state that a concentration of about 8 percent of 
either siu'rose or dextrose, gives optimum protection against protein 
coagulation in expressed juice of winter wheat. 

Aja analogous test with the amino acid glycine showed that the 
luldition of 2 cc of 1 N glycnne to 2 cc of extract gave 63 percent luonT^ 
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• activity tlian tliat of the extract alone when Jieated to 70° C., and 
that 8 N glycine gave more than donlde the activity. In this test 
the a(*tivity of the extract alone was very low after the extract had 
been heated, being only 7.1 percent of the original activity. 

TJie i)H of the solution also had an important influence on the 
action of the enzymes and on their ability to withstand lieat. Mcll- 
vaine^s buffer mixtuie of disodium phosphate and citric acid, as out¬ 
lined by (Mark (»?, p. 241 ), was used to give buffers of 2.2, 4.0, fl.O, and 
8.0 pH. Five 75-g alfalfa-root samples were taken as usual, but in 
addition to the one in which the distilled water was used for extrac¬ 
tion, ,M00 cc of the buffer at each of the above ])H’s was used for each 
of the other four samples. 

MMie plj of the buffer and the pH of the mixture of root ttssue and 
buffer as representi'd in the extract, together with the original and 
protected activity, are given in table 10. 

It will be noted that the cell sap of tlie root itself forms a strong 
buffer and that the sodium phosphate-citric a(id buffer does not re¬ 
main at its original pH, but that the final pH as determined by the 
colorimetric method is much nearer the pH of the w ater extract than 
the pH of the buffer mixture. 

The activity of the enzyme is zero at the low^ pH of Imt at the 
next higher pH the original activity is almost as high as at the o])ti- 
muin pllof between f).)! and o.O. On the other hand the protec^ted 
activity is very low' at pH 5.2, reaching a maximum at pll 5.J^ and 
gradually decreasing at o.t) and 0.7. MMms the protected activity is 
more sensitive' to the hydrogen-ion concentration than is the original 
activity, and the results again show^ the influence of a ver>^ slight 
change in j)H on the reaction of the enzyme to heat. 

CONCLUSIONS 

The experiments reported herein show’ some' of the factors wMiicli 
may actually’ increase or decrease the ])rotected activity' of the dia- 
static enzymes. The interesting feature is that many of the sub¬ 
stances that are here sliown to increase' the resistance to heat of the 
diastatic enzymes of alfalfa-root extract are the very substances 
which various workers have suggested increase in the plant during 
the hardening process. If this is the case, and it seems certain that 
it is, the underlying principle of differentiating hardiness by the pro¬ 
tected activity seems sound. 

Tablk 10. Injiurnrc of hjjdrogcn-ion coficcntrattou on the orKjtual ornl protected 
diaatahc aetinty of nifalfa-rttot extract 


|)U ofbufTor 


2.2 . 

4 0. 

Distilled water 
6.0 .... . , 
HO. 


t pll , 

i ii.^detei- ; 
I TniJiod by , 
.(•oloniiieier i 

4 


a 1 1 
6.2 
5.3 
5. 6 
6.7 



1 If* activity (mall 
(ksp ]>e! cubic centi¬ 
meter of dipestion) 


Orijrinal 


Milltgramx 

0 

3,139 
3.246 
3, 

3.163 


’I’rotpcied “ 

I 


Mtllifframa 

0 

4 

78 

64 


« .\ctivlty of extract after l>eiiig heaj^d 10 minutes at TO'* (\ 
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To say, then, that any one factor such as suj^ar, colloids, etc., is 
responsible for the particular enzymatic response is to preclude the 
possibility of other important constituents bein^i: factorf;, all of which 
may have a profound bearing on the physicochemical complex. It 
is sugg^ested, rather, tliat the ability of the enzyme to withstand heat 
is a test of the stability of the entire cell-constituent complex. 

SUMMARY 

This paper presents the results of a H-year study of the diastati(*. 
activity of alfalfa roots and tops. 

It was found that the diastatic activitv of alfalfa tops is closely 
correlated with the rapidity of growth aiul not with the hardiness of 
the varieties, even in the fall under hardening conditions. The 
activity in the roots does not decrease, however, with dormancy. 
Alfalfa roots have about live times as much diastatic activity ]>er 
gram of dry matter as alfalfa tops from the same ])lants. Early 
studies indicated the importance of determining the original activity 
(the diastatic activitv of fresh root extract) and the f)rotected activity 
(the diastatic activity after the extract has been subjected to a tem¬ 
perature of 70^ (\ for 10 minutes). The methods used ami th(‘ small 
amount of e(|uipment necessary for determining both the original and 
protected activity are given in detail. 

These two determinations were made on the four alfalfa varieties 
Turkistan, Grimm, Nebraska Gornmon, and Arizona Gommon at 
semirnontlily intervals for a continuous period of S months, from 
vSeptember to April inclusive. It was found that the \arieties did 
not differ widely and that there was no great seasonal dilference in 
the original activity. It was found, however, that a higher concen¬ 
tration of sugar could b(‘ produced from a limited amount of starch 
by enzymes taken from jdants in the fall than from those taken in 
the spring, and that during the fall a higluT concentration could be 
produced from the hardy varieties than from the less hardy varieti(‘s. 

The protected activity gave the greater and more consistent values 
with respect to both seasonal treijds and varietal dilferences. A rapid 
increase of protected activity occurred in all varieties in the fall, 
reaching a ma.ximum from October to late Novembei* and extending 
into Januaiy^; afterward there was a gradual decrease, reaching a 
minimum in April, more than 2 weeks after growth started and when 
the new growth was 0 to 8 inches liigh. The prot.(^cted activity in¬ 
creased more rapidly and maintained a higher value in some varieties 
than in others; the hardier the variety the higher was the protected 
activity. In general, the varietal differences between the four varie¬ 
ties Turkistan, Grimm, Nebraska Common, and Arizona (\)mmon 
were marked and consistent in the fall. After midwinter, however, 
the differences diminished, and toward s])ring no one variety showed 
a distinct superiority. 

Supplemental experiments showed that the concentration of sugar 
in alfalfa-root extract influences the protected activity, as does also 
the concentration of amino acids. The hydrogen-ion 'concentration 
was also shown to influence the resulting protected activity. Since an 
increase in some of these substances occurs in the ])lant during harden¬ 
ing, and since these substances increase the resistance of the diastatic 
enzymes to heat, the relation between winter^hardiness and protected 
dia 3 tatic activity is suggested. This rolationslup, together with the 
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, experimental results obtained, forms the l)asis for suf^jgesting this as a 
method for determining varietal resistance to cold as well ils for 
further fundaiiiental studies on the problem of winter hardiness and 
related phenomena. 
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• CUTTING YIELDS OF HOGS AN INDEX OF FATNiJSS ‘ 

By K. F. Wahnek, aniinal h unhand man, N. R. Kllks, chemist, and Paiu. K. 
Howe, Hcnior chemist. Animal Ilushandry Dwiston, Jiureau of Animal Industry, 
t 'fitted Stales Department of Agnculture * 

INTRODUCTION 

FatiK'ss is one of the major faetois atfeetiiifi: the market value of hogs 
anti hog eai’casses. TIu* prefereiiee (if consumers for the leaner cuts 
of meat and the (^oinjadition of vegetable oils have resultt^d in com- 
paratividy low piict's for lard, fat cuts, and vt*ry fat hogs. Breedtu’s 
and r(‘search workers are (‘onsecpnuitly endeavoring to seh'ct and 
(‘stablish typ('s and strains of hogs that will produce tlie most desirable 
proportion of lean to fat. To do this tht'y are conducting btreding 
trials, jxuformam'e It^sts, i^gisters <if mcuit, and hog-carcass contests. 
A liasic ])robl('m in this work is to d(‘t(‘rmin(‘ as accurately as possiblt^ 
th(‘ com])arativ(‘ fatn(^ss of the can*asses produ(‘ed. 

('(iinparisons of fatness, (in the market, an' made by observing or 
judging the a])p(‘arance of the carcass This method is neitlum 
a(‘ciirate nor pc'rmanent enough for the (h'finite (‘()m])arisoiis needed 
by constructivi' bre('d(*js or rc'seairh \\ork(‘is 

The most accurate means of determining the fatness of a hog carcass 
is id)viously a clu’mical analysis of the carcass. The tin>e, (*x])ense, 
and (juantity of meal in\olv('d in this method, however, often make it 
impracti<‘abl(‘. ('hemical analysis also luitails the loss of the pork for 
other ex])erinH*nls. ll would be desirable to have more simple 
measurements, if their r(dation to the fatness of the (‘arcass could })e 
(‘stablished. 

Three types of nu'asurenu'uts sc'em particularly adanted for deter- 
nuning the actual fatness of a pork carcass. In the onuu* of pn^bable 
accuracy they are as follows: (1) The cliemical analysis of some single, 
re])resentative (*ut; (2) the w(*ight of partic'ularly fat or lean cuts in 
relation to the weight of the entire carcass; and (3) measurements of 
parts of the carcass, ('sju'cially the fat ])ortions, su(‘h as thickness of 
the fat on the ham, shoulder, and back. 

The second ty])e of measurementthat of estimating the fatness of 
an animal from the jmoportions of tlu' fat or lean (‘uts in the carca.ss— 
was s(d('ct(‘d as the basis for the study re]x>rted in this ])aper. Tlie 
existc'nce of a ivlationship betwi'en these weights is indicated ])y the 
work of otluu’ investigators as well as by tluU of the writers, }vIore- 
over, the j)ro(‘edure w as nuire ])racticable than an analysis of a selected 
cut and was thought to be more accurate than measurements of tlie 
fat laycms of liogs of various weights. This papc'r also includes a 

* Keeeivod for puhliciition Nr)v 1. IsciCL i.s.sue<! .Vpril ia:U 

This shidj was coiKlucted as a part of the national project, coojM'ratne meal iin estival ions, formerly 
desipnated as stu<1> of the factors \\ hich infliieuctt the «iiialit> mid [ailatahility of meat 
^ AckiumledKiuent is made to Mrs E V, Steel>, of the \mnml Husbandry Division, who wa,s laryelj 
responsible for assembling and (‘orrelatmg the <lata 
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statistical analysis of the relationship between the comparative weights 
of selected lean and fat cuts and the fat content, as measured by the 
ether extract, in the entire carcass. These data, obtained from the 
records of 75 iiog carcasses, were then applied to a much larger number 
to show how the relatii)nship may be used in the study of the fatness of 
swine. 

The specilic problems undertaken wore: (1) To determine the 
mathematical relationship between the pei’centagc^ yields of selected 
cuts and actual fatness; (2) to determine the mathemati(*al relation¬ 
ship between the ratio of fat to lean cuts, and the actual fatness of the 
carcass; (3) to establish a series of percentages foi* selected cuts that 
could be used to express the fatness or to estimate the fat content of 
the total edible portion of hog carcasses; and (4) to check the use of 
this series as an index for determining the fatness of groups of hogs 
and of individual hogs. 

REVIEW OF LITERATURE 

A relationship between the per<*entage of cold carcass weights 
represented by the respective cuts and tlie apparent fatness of hogs has 
been reported by a number of investigators. Bull and Longwell (/) ^ 
Scott (^), Schmidt, Vogel, and Zimmei*mann (7), Schmidt, Von 
Schleinitz, Lagneau, and Zimmerniann (//), and Moliler (4). All agnM^ 
that, as hogs fatten, the pj’oportionate wtught of th(‘ carcasses repre¬ 
sented by the fat cuts increases and that of the lean (oils decrease's. 
These same trends can also be observed in the standard yields of 
packing-house test departments. Obviously those ])arts containing 
the higher proportion of bone and muscle, such as ham and loin, 
constitute a greater i)roportion of the thinm'r carcass. As the hog 
fattens, proportionately more weight is added in the fat cuts, such as 
belly, leaf, and back fat. 

The relationship between the percentage jdeld of tlu' (‘uts and the 
actual fatness, or ether extract, in the carcass was indicated by th(‘ 
reports from the Illinois station. Little or no differen(*e in the per¬ 
centage yield of fat cuts from hogs of various tyi)es was reported by 
Bull and Longwadl (I, pp. 451 -453% This api)arent similarity in 
fatness was proved wdien Mitchell and Hamilton (5, pp. 572~'575) 
analysed the same carcasses and found no significant difl‘ei*en(‘.e in fat 
content. 

A ratio between the weights of selected fat and lean cuts was found 
to vary consistently wdtli the apparent fatness of hog carcasses, 
according to Schmidt, Von Schleinitz, Lagneau, and Zimmermann (6*), 
and Schmidt, Vogel, and Zimmermann (7). (Changes in tnis ratio 
were also reported to be associated with corresponding changes in the 
actual fat content of the carcasses, as detennined chemhuilly by 
Schmidt, Von Schleinitz, Lagneau, and Zimmermann (6*). The fat 
content of the carcasses studied by these investigators ranged from 
57.27 to 56.17 percent. • Tliis range compares favorably with the 
•ange of fat content of carcasses analyzed by Ellis.^ 

« Referonce is made by number (Italic) to Literature Cited, p. 265. 

* Unpublished data. 
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EXPERIMENTAL ANIMALS 

« 

Arrani^eiiients were ii^ade to study tlio (‘lieinicaJ composition and 
cutting yields of hog carcasses selected from miscellaneous experi¬ 
ments conducted during the period 1924-31 by the Department, 
either independently or in cooperation with the experiment stations of 
Michigan, Mississippi, North Carolina, and Oliio. Seventy-five of 
these carcasscws were those of hogs used in regular nutrition tests and 
were analyzed chemically. For 523 additional hogs only the cutting 
yields were available. The 75 carcasses used in the analysis were 
from hogs that ranged in weight from 99 to 342 i)ounds. In this 
group of hogs, as wcU as in the entire group of 598 hogs, Foland China, 
Duroc-fTersey, and Chester Wliite breeds lucdominated (table 1). 

The rations of the 75 hogs contained one or more basal feeds, sucli 
as corn, peanuts, hominy, and brewers’ rice, and one or mon^ supple¬ 
ments, such as tankage, skim milk, buttermilk, blood meal, alfalfa 
meal, and minerals. Sixty of these hogs w^re self-fed or hand-fed 
on a full-feed basis. 1110 remaining 15 animals were liand-f(Ml at 3 
levels of intake, approximately 4, 3, and 2 percent of their live* weight 
to a final weight of about 200 pounds.® These 75 hogs wen^ therefore 
excellent representatives of thrifty hogs handled under varying condi¬ 
tions on different feeds and on dilferent cpiantities of fet'd. It was 
believed that the relationship betwxen their (fitting fields and thi' 
fat content of the edible portion of the carcass would be n'jiresentative 
of that existing anumg the vanous kinds of hog carcasses on which 
this index might be used. 

The range in live weight of the 598 hogs used in this study was fjom 
75 to 393 pounds. Distribution among brt'ed and sex is shown in 
table 1. In the main they were a grouj) of thrifty, well-f('d hogs 
slaughtered at different stages in the fattening process. The numh(‘r 
and varied character of these hogs wmuld seem to minimize th(' effect 
of individual differences and to make their records a good index of 
the variation to be expected in cutting yields, among the weights 
involved. 

EXPERIMENTAL PROCEDURE 

All the carcasses were handled in the meat laboratory of the 
United States Animal lIiLsbandry Experiment Farm at Beltsvilh*, 
Md., ac(‘ording to a routine procedure for dressing, chilling, grading, 
and separating into cuts. The carcasses were scalded, scraped, 
split through the center of the backbone, and placed immediately in 
a cold-storage room, where they were held at a temperature between 
34® and 40® F. for approximately 3 days, and then w^eighed and cut. 
The cutting method used w^as selected as the one most likely to pro¬ 
duce uniform, compjarable fat and lean cuts. As few cuts as possible 
were made, separations followed anatomical lim^s when possible, and 
trimming was standardized and reduced to a minimum. 

The method of cutting the carcasses used In these experunents is 
shown in figure 1. The square-cut head {e) (jowls left on) was removed 
at the occipital joint at right angles to the body. The 3-ril) 
shoulder (d) was trimmed just above the knee. The ribs and neck 
bone were removed, but the plate, or outer layer of fat, was not. 


« Eiius, N.R., and Zbllkr, J. H effbc't of quantity and kinds of fkkd on economy of oains and 
BODY coaposmoN of hoos. (Unpublished material.) •• 
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•^ibout one fourth inch of })a(*k fat was left on the loin (b). The line 
separating the loin from the belly was just ventral to the tenderloin 
mus(*le Cp^oas major). The belly (e) (spareribs removed) was trimmed 



FiiiTRE 1. -Cuts into which the carcass was divided a, nani, b, loin ami back fat; c, belly; rf, shoulder; 

f, head, f. feet. 


through the line of teats, and the brisket, ba(*k, and flank end were 
merely squared. Many,.of the heavy bellies carried thick fat on 
brisket and back, but as was the case with the shoulders and plate, 
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it was deemed desirable to give all cuts a comparable trim A short¬ 
cut, ’ unskinnod ham was removed just behind the second sacral 
vertebra at right angles to the hind leg. The hind leg was cut off 
through the hock. All trimmings were combined with the leaf and 
back fat and were then divided into fat (hereafter called cutting fat), 
lean trimmings (sausage), and skin. The skin iiududed that obtained 
from both triinmin'gs and back fat. The method seemed to be the 
most simjile and free from error that could be devised. It was felt 
that the regular 3-rib unskinned shoulder and square-cut head 
provided more uniform cuts than the customary se])Hrations of the 
one into picnic, butt, and plate, and the other into face and jowls. 
Trimming the belly in a uniform manner proved the most difficult 
task of all. This source of variation was largely removed, however, 
by combining the weight of the fat trimmings, which included most of 
the belly trimmings, with the weight of the trimmed belly, in tlie final 
calculation for fatness. 

After the various parts were separated, trimiiu^d, and weighed, 
they were boned and skinned. The combined fat and lean parts, 
constituting the total edible portion, were weighed, ground, mixed, 
and sampled. The samples were analyzed for fat content by extrac¬ 
tion with ether. The fat obtained in this juanner was (‘alculated as 
the percentage of total edible meat. 

The percentage yield of the various cuts was determined bv dividing 
the weight of each cut by the weight of the (mtire chilled (‘arcass. 
The proportion of chemically analyzed fat in the carcass was dcdei- 
rninod by using the weight of the cold edible portion as the base. 

In selecting the cuts to be used, it was necessary to take those the 
percentages of which seemed to offer the best probability of serving 
as an index of actual fatness. A study of these percentages showed 
that there was a consistently greater percentage yield of cutting fat 
and belly from carcasses (containing a higher proi)ortion of fat in the 
edible portion. The percentage yield of all the other cuts d('(*reased 
as the fat content increased. This automatically c(mter(‘d the choice 
of fat cuts on either cutting fat or belly. It uuis decided that the 
percentage yields of the two cutf^ together would be more representa¬ 
tive and free from error than either one alone. 

The hajn and loin w^ere selected as the cuts most re[)resentHtive of 
the leanness of the animal. The percentage yield of both showed a 
(consistent inverse relation to the fat content. In addition, these two 
parts, as cut and trimmed in this study, arc standard cuts in all parts 
of the country, more so than the shoulder and head. There is also 
less opportunity for inaccuracies in cutting off the ham and loin than 
in the removal and trimming of the two cuts just mentioned. 

Correlations between percentage yields of respective parts and the 
fat content were.made by the simple linear method. Both coefficients 
of correlation and the regression equations were calculated. 

RESULTS AND DISCUSSIOJT 

Table 2 shows the average percentage of fat in the edible portion of 
the carcass, the percentage yields of the fat and lean cuts and their 
ratios in the 75 chemically analyzed hog carcasses grouped according 
to weights. The fat content normally ranged from 28 to 69 percent; 
one exceptional carcass contained 67.9 perpent. The range in the 
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combined percentage yields of the 2 fat cuts was from 14.6 to^37.1 
percent, and of the 2 selected lean cuts from 29.1 to 37.5 percent. 
These ranges occurred in an apparently average group of hogs varying 
in live weight from 99 to 342 pounds. 


Table 2. — Comparative content of fat in edible portion of carcaf^s, percentage yield 
of 2 fat and 2 lean cuts, and their ratio in 76 hog carcassef analyzed chemically 


(^lahsiflcfition of hops 


' , , i Vvorupe \ 

I ; Averapr j .\\pnipe j fat in ' 

, Hops I live j woipht i fotal edi-1 

' arifih 70(1 v^eiphtal I of cold j hie por- ! 
I jslauphter* caicass j tion of ! 

• I I ; carcass 

III' 


Avorape 

ape of 
cuttinp 
fat 
and 
bellv • 


Averape 
I>ercent- 
ape of 
harn and 
loin ‘ 


Ratio of 
Iiercenl- 
ape yield 
of 2 fat 
cuts to 
that of 2 
lean cuts 


neav> (250 pounds or nu re) 
Medium (2<K>-219 pounds). 
Lipht (100-199 iiounds) . . 
Pip (less than 130 iwninds'i . 


\u tuber 

Ponndu 

Pounds 

Perci nf 

Pncfut 

Pftcfnt 


12 

304 

241 5 

57 3 

32 9 

30 2 

J I 09 

24 i 

210 1 

170 0 1 

19.5 ' 

28 5 1 

I 4 1 

1 0 88 

2*1 ! 

1K7 i 

145 5 1 

45 1 . 

20 2 

1 33 4 , 

1 *0 78 

10 ; 

113 ! 

81 0 i 

30 3 ' 

20 0 1 

! 33 9 1 

1 0 00 


I ] 


" Based on market classification of Bureau of Apricultural Kconomics, V S Department of Apriculture 
<- Skinless back fat and fat InmminpvS and the leaf fat 
' Bascfl on v^eipht of cold carcass 


The heavy liogs possessed the largest i)ercentage of fat, the largest 
percentage yiehl of the 2 fat cuts (cutting fat and belly), and the 
smallest ])ercentage yield of the 2 lean cuts (ham and loin). In 
contrast, the lightest group of pigs produced the smallest percentage 
yield of fat and of fat (*uts, and the largest peicentage yield of the 
lean cuts. Comparative ])ercentages for the medium weight and 
light weight groups varied ibetween the extremes for pigs and heavy 
hogs in accordance with live weights as can be seen in table 2, The 
individfial records of these hogs, ranked in accordance with the fat 
content in the edible portion, conformed to the trends of the averages. 
These results correspond to observations made by other investigators 
and agree with the increase in fatness expected in a normal group of 
fattening hogs. 

The observed lelationship between fat c’ontent and the ])ercentage 
yield of the respective ]>arts establishes those percentages as a possible 
index of fatness. It tiow^ remained to determine that relationship 
mathematically, by a series of con*elations, to calculate the accuracy 
or error that- might be ex})ected from the use of selected cutting 
yields as a measure of the tendency of hogs to fatten. 

MATHEMATICAl. RELATIONSHIP BETWEEN FAT CONTENT OF EDIBLE PORTION OF 
CARCASS AND PERCENTAGE YIELD OF CUTS 

The first correlation was between the combined weight of the 
cutting fat (leaf, skinned fat from trimmings, and skinned back fat) 
and belly, expressed as a percentage of the weight of the entire cold 
carcass, and the perjygntage of fat in the edible portion of the 75 car¬ 
casses. The coefficient of correlation expressing that relationship 
w^as 4-0.91 ±0?01. 

This correlation is high. Squaring it gives the coefficient of 
determination, meaning, in this instance, that approximately 83 
percent of the vamtion in the percentage yield of the tw^o fat cuts 
was associated with corresponding changes in fat content of the 
carcass. Therefore it is possible to use the percent age yield of the 
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two fttt cuts us ii ineusuro oi* index of tlie fatness ol the eareass or a^ 
a base for ealculatin^, with roasonaf)le aecnraey, the ])ercenta^e of 
fat without actually analyzing the carcass. 

A second correlation was jnade to deterjuiiu' the relationship between 
the fat content and the percentage yield of the trimmed belly .com¬ 
bined with that of only the unskinnod back fat instead of all the 
cutting fat. This was done to provide an even more simple index in 
wrhich only the belly and back fat would have to be cut. by the pre¬ 
scribed method. All the other cuts could then be made and trijumed 
according to the local preference prevailing in the pa(‘king houses 
wdiere the test hogs might- be handled. The coefficient expressing 
the correlation betwTen fat content and the percentage yi(dd of belly 
and unskinned back fat was 10.8410.02, with a corresponding 
coefficient of determination of 71. 

The third correlation w'as l)etw’een the combined weight of the two 
selected lean cuts, trimmed ham and loin, expressed as a ])er(‘entage 
of the entire cold carcass, and the fat content of the edible portion 
of the carcass. The (•-(H'ifficient expressing that lelatimiship was 
— 0.7710.03, with a coefficient of determination of 59. 

The fourth and linal correlation w^as between the fat conhmt. and 
the ratio between the percenlage yield of the 2 fat and the 2 lean c\its. 
The ratio between the ])ercentage yield of the fat and lean cuts of 
the 75 individual hogs was derived by dividing the ])ercentage 
yield of the 2 fat cuts by that of the 2 lean cuts. The same result 
could have been obtained by dividing the adual weights of the selected 
parts. This ratio, show n in table 2, varied from an average of 1.09 
for the heavy hogs to 0.00 for the pigs and expressed the same relation¬ 
ship noted by the (Jerrnan investigators (6') who used a slightly dif¬ 
ferent set of cuts.^ The coefficients of correlation between the ratio 
and the fat content W'as *1 0.9210.01 witli a coefficient of detbrmina- 
tion of 85. 

The results obtained from all these (‘orrelations indicate a. high 
relationship between changes in the actual fatness of a hog and 
changes in the pei’centage of its various jiarts or cuts. The i'alh» 
between the percentage of the 2vfat and the 2 lean cuts appears as a 
slightly more accurate index of fatness than does the percentage of 
cutting fat and belly. The coefficient of correlation for the ratio of 
fat to lean cuts was slightly higher, 1 0.92 i. 0.01 as comiiared with 
+ 0.9110.01, but this difierence is negligil)le. Both ratios are 
considerably more reliable as indexes of fatness than the percentage 
yield of the belly and back fat alone (coefficient of correlation -{0.84 
10.02) or the percentage yield of trimmed hain and loin (coefficient 
of correlation —0.7710.03). 

The combined percentage yield of the cutting fat and belly w'as 
selected as a more practical and easily obtained index than the/ratio. 

The use of the percentage yield of the tw^o fat cuts as an index of 
fatness seems to apply yith equal accuracy to Ijqgs of various w^eight 
(fig. 2). About two thirds of each of the w^eight groups plotted on that 
scatter graph fall witliin the standard error of estimate. 

The proposed index also applies with almost equal accuracy to both 
barrows and gilts. A correlation betw’^een the index and the fat con¬ 
tent in the edil)le portion of the 38 barrow carcasses developed a coeffi¬ 
cient of H 0.92 1 0.02. A similar coefficient for the 37 gilts was 
+ 0.9010.02. 
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CLASS LIVE WEIGHT 

A HEAVY (260 POUNDS OR MORE) 

O MEDIUM ( 200-249 POUNDS ) 

X LISHT (160-199 POUNDS) 

• PIG (LESS THAN ISO POUNDS) 

- REGRESSION LINE 

-LINES OF ESTIMATION, 

WITHIN WHICH TWO THIRDS OF 
ITEMS SHOULD FALL 


• In view of the consistent relation between the jiroposed index and 
the fatness of the canvasses, a rep*ession equation was developed for 
ealeulatin^ the fat content of the edible portion of the carcass from the 
percenta-^e yield of th(‘ cutting fat and belly. Thus: 

V- 5.57 I l.o4A" 

in which l^is the percenta<?e of fat in the edible portion, and -V is the 
fat index or ])ercentage yield of cutting fat and lielly. The rej^ression 
line of this e(j nation 
indicates that for each 
increase of I in tin* 

[lercenta^e yield of the 
two fat cuts there is a 
corresponding increase 
of 1.04 ])ercent of fat 
in the edible portion of 
the carcass (fig. 2). 

A second regression 
('(juation is included, 
using as the index the 
jiercentage yield of the 
belly combiiUHl witli 
that of only the un¬ 
skinned ba(‘k fat. This 
])r()vides a means of 
cahudating fatness at 
those times or jdaces 
where commercial 
method^? make it im- 
])ossible to cut the en¬ 
tire carcass. It should 
lie n'membered that 
the coelficient of <‘or- 
relation between fat 
(‘oiitent and the jier- 
centage yield of belly 
and back fat was onlv 
1 0.S4 i 0.02. This 
provides a fair esti¬ 
mate of fatness but is 
less accurate than tlie 
equation based on the 
correlation between fat content and the percentage yield of belly and 
cutting fat. 

The regression equation for calculating the fat content of the edible 
])ortion of the carcass from the percentage yield of belly and unskiimed 
i)ack fat is 

F-7.11 f2A^ 

in wdiich V is the pt^rccntage of chemically determined fat in the 
edible portion and A" is the percentage yield of belly and unskinned 
fat. The regression line for this equation indicates tliat for each 
increase of 1 in the percentage yield of belly and back fat then', is an 
iruTease of 2 in the j)erceHtage of fat» 



15 20 25 

CUTTING FAT AND BELLY 


Fii.l iiK J -VariJilion in pprcentafip of fat iPfhin* extract) in the total 
eilible portion associated with \arunion in yield of cutting fat (fat 
from skinned hack fat, skinned triiniiiinps, and leaf) and belly in 
carcasses of 7f» hogs weighing from tnt to 312 pounds alive 
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Tfie fat content of the carcass, as calculated by the use of these two 
equations from the percentage yield of the fat cuts, is given in table 3. 
This table shows that for each 5-percent increase in the actual per¬ 
centage yield of fat cuts there is a greater increase in the percentage 
of fat in the carcass when calculated from back fat and belly thaii-when 
calculated from cutting fat and belly. 


Table 3. —Percentage of fat in carcass calculated fro7n actual percentage yield of 
cutting fat and belly and of hack fat and belly 



Pat'* in car- 


balMncar- 

Actual yield 
of cutting 
fat and belly 

(jass (‘alcu- 
lated from 
percentage of 
cutting fat 

Actual yield 
of back fat 
and belly 

ciiS'ii (‘alcu- 
hitod from 
{lereentage of 
hai'k fat, and 


and Iwlly 


laMly 

Percent 

Pncenl 

Percent 

! l*trcent 

15 

28 6 

10 

1 27 1 

20 

36 3 

15 

> 37 1 ! 

25 

44 0 

20 

i 47 l 1 

30 

1 51.7 

25 

i 57 1 1 

35 

1 

59.3 

30 

! 67 1 1 


" Standard orror of estimate is .4:3.3 '' Standard error of estimate is .4 4 1 

USE OF THE INDEX IN COMPARING FATNESS IN HOGS 

The ranges in the index were then used to (‘lassify the live-weight 
groupings of all the 508 hogs considered in this study, as given in 
table 4. These hogs included the 75 that were analyzed chemically. 
The representative character of these hogs (table 1) and the compara¬ 
tive percentage .yields of their fat, lean, and other cuts (table 4) would 
indicate that they were normal fattening hogs. 


Table 4. — jiverage percentage yields of vartous parts of hog carcasses classified 

according to live weight 


Classlflcatiofi of hop.s« 


Heavy (250 pounds or more). 
Medium (200-249 pounds)... 
Light (IfMH4)9 pounds).. 
Lightdight (130-159 pounds) 
Pig (less than 130 pounds). . 


Classi(lention of hogs » 


Heavy (260 pounds or more) 
Medium (200-249 iwunds).. 

Light (160-199 pounds) - 

Light-light (130-169 fiounds) 
Pig (less than 130 iwunds) . 




Aver¬ 

Aver¬ 


Selected fat cut.s • 

Selected lean cuts < 


Hogs, 

ana- 

ly7.ed 

age 
live 
weight 
at V 

slaugh¬ 

ter 

age 

weight 

of 

cold 

car- 

en.vs 

Shrink 

m 

chil¬ 

ling 

Cut¬ 

ting 

fat 

Belb 

Total 

(fat 

in¬ 

dex) 

- 

Ham 

Loin 

Total 


Num- 



Per- 

Per- 

- 

Per- 

Per¬ 

Per¬ 

Per¬ 

Per¬ 


1 ber 

PoundH 

Pounds^ 

cent 

vnit 

rent 

cent 

cent 

cent 

cent 


92 

289 

238.5 1 

2 42 

21 5 

N.9 1 

1 3.4.4 

17.0 

11 0 j 

28 0 

. 

240 

21H 

; 177 5 

2 81 

19 5 

I 11 4 1 

1 30 9 ! 

17 5 

1 11 6 

29 I 


14)9 

\m 

146 0 

2.4)0 

16 8 

1 10.8 I 

1 27 6 1 

1 18.4 : 

12.1 ; 

30 5 


41 

146 

116 0 

2.89 

15 0 

1 10 I i 

i 'ib. 1 ! 

18. 1 i 

1 12 2 

1 30 6 


26 

106 

78 0 j 

3 (M 

10 9 

1 

20 3 1 

19 9 

13 2 1 

33 1 

■ - 

:-- 

-- 

.. _ _ 


■ 



— 


' - 




Other cuts or parts 




— - 

- - 

— 

- - — 

- 


- 


Shrink 

Shoul¬ 

der 

Head 

Sjiare 

ribs 

Shoul¬ 

der 

ribs 

vShu- 

sage 

FtM?l 

Skin 

Kid¬ 

ney 

and 

tail 

in 

cut¬ 

ting 

Per¬ 

Per¬ 

Per¬ 

Per¬ 


Per¬ 

Per¬ 

Per¬ 


cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

Percent 

16.7 

8,5 

1.9 

1.8 

4 3 

2.4 

2 3 

0 4 

0.3 

17 0 

8.9 

2.0 

2.0 

4.3 

2 7 

* 2.4 

.5 

2 

17.4 

9.4 

2.1 

2 2 

4.6 

3.0 

2.4 

.5 

3 

17.7 

9.8 

2.3 

2.6 

5.3 

3.3 

2.5 

.6 

.3 

18.6 

10.7 

2.6 

2.7 

5. 1 

3.9 

2 5 


•J 


« Based on market dassJflcation of Bureau of Agricultural Economics, U.S. Department of Agriculture, 
^ Percentage based on weight of hot carcass immediately after slaughter. 

« Percentage based on weight of cold carcass. 

HkmHKiS back fat and fat trimmings and the leaf fat. 
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In order to show the relationships between the proposal index, or 
})ercentage yield of cutting fat and belly, and the market grades and 
relative Jatness of hogs associated with such grades, the following 
classification based on percentage yield of cutting fat and belly is 

suggested: 

• 

Very lean, 22 percent or Iphs. 

Lean, 22.01 to 26 percent. 

Moderately fat, 26.01 to 30 percent. 

Fat, 30.01 to 34 percent. 

Very fat, 34.01 percent or more. 

The suggested fat classification apjdied to these 598 hogs places the 
92 heavyweight hogs near the top and the 240 mediumweight hogs 
near the bottom of the fat class with fat indexes of 33.4 and 30.9, 
respectively (table 4). The 199 lightweight hogs are classified as 
nioderately fat, the 41 light-light hogs in the top of lean, and the 26 
pigs as very lean. Tliis classification seems to be a fair statement of 
tlie degree of fatness of the hogs. It is therefore offered as a starting 
j)()int in the effort to coin})are accurately the tendency of hogs to form 
fat and lean. 

The effect of sex on degree of finish in hogs offers an excellent 
example of the way the proposed fat index may be used. The records 
of 523 hogs (the ones not included in the correlations) have been 
classified l)y live weight and sex in table 5. Although the average 
live weight for both barrows and gilts is similar, the barrows show a 
consistently greater per(‘.entage yield of the two fat <mts. Difierences 
in the heavyweight group are less than in the others. 

Table 5. —Comparative /at index and percentage yield of ham and loin from car- 


i 


j 

.\veruge 

Total i)er- 
centage 

i 1 

1 Total tier- 1 
1 ceutage { 
1 yield of j 
1 ham and j 
} loin «■ 

1 

j Ratio of 

1 percentage 

Classification of hogs « 

Hogs 

analyzed 

live 

weight at 

yield of 
cutting fat ^ 

1 yield of 2 
fat cuts to 



slaughter 

and belly 

1 that of 2 




(fat index) 

1 lean cuts 

Heavy (250 pounds or more). 

Nujnher 

Pourds 

Percent 

1 

Percent 

1 

Barrow.. . -- 

4H 

tSb 

6 

27 5 

1 1.1 22 

Gilt. . _ 

32 

290 

! 3,3 3 i 

28 0 

! 1 1 19 

Medium (200-249 pounds). 






Barrow^-.. . . . 

1*26 

218 

31. 7 

28.2 

1 1 12 

Gilt... - _ 

90 

219 

30.2 

29 5 

1 1 02 

Light (160-199 pounds): 






Barrow. . _ . 

79 

182 

29.0 

29 3 

10 99 

Gill. . .. 

91 

183 

26.8 

30 6 

1 0.88 

Light-light (130-159 ixmnds). 





1*0.87 

Barrow_ ... 

19 

146 

26 0 

30.0 

am. 

Ptg (less than 130 pounds) ; 

Barrow. - - - 

22 

146 

! 24 2 j 

31 2 

31 8 

1*0 78 

1*0.67 


104 

21.2 

out-,.. 

9 j 

100 

19 5 

32 9 

1:0.59 


« Based on market classifications of Bureau of Agricultural Economics, V S. Department of Agriculture. 
^ Skinless back fat and fat trimmings and the leaf fat. 

• Based on weight of cold carcass. 


The percentage yield of the lean cuts arfd of the ratio between 
percentage yield of fat and lean cuts are included to show that they, 
as well as the selected index, indicate that barrows fatten more 
rapidly than gilts. 

The indicated greater fatness of the barrows reverses the general 
trend of sex in cattle, in which the heifers usually fatten more quickly 
than the steers. 

47706—84-S 
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In view v^f the greater fatness of the barrows, as shown by this 
indejf, it is oi interest to recall Russell ^s findings (5) with respect to 
gain. His records cover a period of 8 years and include the gains of 
5,653 hogs, of which 3,018 were baiTows and 2,635 gilts. The gains in 
weight of the barrows, Russell found, were 5.43 percent greater than 
those of the gilts. 

The fat index offers a means of recording the fatness of litters 

K )duced and tested in breeding or record-of-perforinance trials. 

ough more subject to variation when applied to small groups of 
hogs, it provides a method for recording the differences betw een litters 
and the progress or change resulting from planned matings. 

The fat index can be used also in classifying the fatness of individual 
hop, as illustrated in a special test made to determine the dieteti(‘. 
value of the cuts from a very thin hog of so-called '‘market live 
weight.’’ The carcass selected and cut was from a Chester White 
gilt (no. 31.4) weighing 167 pounds alive. Her fat index (percentage 
yield of cutting fat and belly) was only 21.5. According to the 
arbitrary classification suggested in table 4 this would place her among 
the very thin hogs. This index is compared in table 6 with those of 
hogs of greater and of less live weight. Although tliis hog weighed 
167 pounds alive, her fat index classifies lier as having a finish com¬ 
parable to that of the group averaging less than 130 pounds live 
weight. 

Table 6 .—Fat index of hog no. SL4 compared mth index of light, kght4ighf, and 

pig weight groups 


rias.slfif;idion of bogs «* 

Hogs 

.mmlyzed 

A verage 
live w'eighf 
at .slaughter 

A \ cTiige 
weight of 
cold carcass 

Fat uxlev 

Light pounds live weight) . 

Lightdlght (130-1.')9 pound.s live weight).. 

Hog no 314. . . ... 

Pig (le.ss than J30 pound.s live weight)... 

Nu mbcf 
199 
41 

-1 

PoundH 

183 

]4fi 

ltl7 

JW 

Pounda 

14b 

llti , 
132 T) 1 
78 

27. ti 
27) I 
21 5 
20 3 


• Bftsed on market classiflratjoiis of of Aericultural Economics, T S Detairtmcnt of Agnculturc 

Cercoiitage yield of fat from skinned trniiimngs and back fat, leaf, and bellv, based on weight of cold 
carcass 


The fat content (*f the toliil edible portion of this hog carcass, as 
estimated from her fat index by the formula used for making the 
estiniations of fat contents in table .S, was 38.68 percent ±3.3, also 
within the fatness range of the pig group (less than 130 pounds live 
weight). The actual fat content, as later determined by cliemicnl 
analysis (table 8) was 37.29 percent, wliich was well within the stand¬ 
ard error of estimate. 

In contrast with 37.29 percent of fat in the total edible portion of 
this lean pork carcass is the fat content of beef sides reported by Cliat- 
field (^). She classifies .sides containing from 2L to 35 percent of fat 
in the total edible portion as fat, and those containing 35 percent or 
more as very fat. 

Both physical and chemical analyses of the cuts from this one hog 
were made. The percentage yields of total edible and inedible meat, 
lean, fat, bone, and skin are shown in table 7. The proportion of 
total edible meat in tlie major cuts from this hog ranged from 76.38 
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•percent in the loin to 92.10 percent in the belly. The j^oportjon of 
physically separable fat from the major cuts ran^ecj from 10.63 per¬ 
cent in *the loin to 36.81 percent in the belly. The yield of lean was 
approximately 1.9 times the yield of fat in the total carcass. This 
is cocnparable to a value of 1.7 for the lean to fat relationship in 5 ho^s 
fed only a 2-percent grain ration until they reached a weight of 200 
pounds. These 5 hogs are included in the 76 hogs analyzed chemi¬ 
cally. Another group of 6 hogs fed a full ration (4 ])ercent of live 
weight) had aj)proximately 1.1 times as much lean as fat in the car¬ 
casses. 


Table 7.- Physival composHiov of carcass and cuts from hog no. 31.4 mcighnig 167 
pounds and icith a lotr fat %ndc.r of 


i 


I 


('u( 


Hul I '* (loi> tliirrl of .slKJiildor) - - . . 

Loaf fat.. 

Belly... . 

'J'rinirninj's' (,e\clu<liiij' hack fat, i)late, 

leaf). . „ . ... 

(’leaf plate '* (outside fat from tuitt i. .. 

Shoulder (rofuilur 3>nl)).. 

Back fat. 

Ifaiii. .. 

Picnic «(shank end of shoulder) .. 

Loin ... 

Sparer lbs . . . 

flead, includirij!: tongue. . . . 

Shoulder ribs. 

Forefeel .. 

Hind feet . 

Kidney arwl tail. 


Edible and in* 
I edible content 

' AVeight!_ 

, of cut I 


Ph.\ sical composition 


and 


K '•>4 I 
2 5S ' 

12 h(i I 


Total cuicass 


: 9 31 I 

.. 24 94 I 
, 12 <33 , 
- JH 2r>) 
3 07 ' 
13 (i:>, 
2 IfU 
2 37 • 
2 31 
.! KS 

i 132 2<) 


'J otnl 
edible 

Total 

inedible 

Letin 

' 

Fat 

Bone i 

i 

Skin 

Percent 

1 ' 

Pnet nV Percent, Percint 

1 

Peieeut \ Per edit 

UM) 01) 


Hh 17 ! 

11 83 

1 


HM) ()0 



100 00 

. 1 . 


92 10 

7 )«> 


30 81 


7. 90 

SS 45 

11 V. 

49 47 ’ 

38 08 

! 

11..5.5 

S7 42 

12 57 

' 

87 42 

.... 1 

12 .57 

8.’) 50 

11 .50 

02. 01 

22 89 

10.63 i 

3 87 

83. 21 

<d 76 


83 24 


16. 76 

82 72 

17 28 

60 68 , 

10 04 

11 79 ; 

5 49 

79 20 

20 74 

()4 01 ' 

J 4 0.5 

1().31 , 

4 43 

7f. 3 m 

23 02 

0.") 7.5 1 

10 63 

23 02 . 


03. (19 

40 91 

.53 09 ! 

40 9! ' 


49 27 

.50 73 

32 .57 ' 

10 70 

34 48 ' 

16 25 

31 03 

! 08 97 ' 

31,03 . 


; 08 97 . 


100 (10 ' 


, ,52 74 1 

<17. 2.5 


1 1(H) 00 



, .59 31 

40 60 

40'91 

I 59 09 i 

'4(V9r ' 


34 09 ' 

2.5. (’() 

75 67 j 

24 33 1 

49 57 ' 

20 10 

15 94 , 

1 1 

8 39 


“ Made from 3-iib shotilrler 

^ Does not include trimmings from butt and picnic 

<■ Exclusive of t)uU, cletir iilate, and picnic, which were cut fioni the shoulder. 


Table 8 shows the chemical compositioiM)f the various cuts and of 
the total edible meat in tlic carcass of hog no. 31.4. The arrangement 
of the cuts according to increasing fat content of the edible portion 
shows the group comprising the lower half to include the loin, butt, 
ham, picnic, and tlie 2-rib cuts. The separable lean portion of the ham 
('ontained 6.83 percent and the loan of the loin only 9.45 percent of 
fat. Although the fat content of the total edible meat in the carcass 
of this hog was low in comparison with the usual valines on fat hogs, 
tlie fat content of the sei)arable lean portions was not reduced pro¬ 
portionately. This is showm by comparison with analyses on the 
meat from the hogs on tlie 2- and 4-percent feeding levels*' already 
mentioned. These results showed a comparatively small decrease in 
fat content, with dec^;pase in feed level, in the Jean of the ham and the 
total edible portion ol the trimmed loin as compared with the marked 
changes in theiat content of the total edible portion of the ham and the 
entire carcass. The fat content of each of the last two items for the 
lot on the low-feeding level (2 percent of live weight) was within 1 
percent of the corresponding values on hog 31.4, whereas the lean of 
the hams from the full-fed (4 percent) lot had a fat content of 6.22 
percent, or less than that? given in table 8. 


Ellis, N. K , and Zeller, J. H. See footnotes. 
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Tj^blb H.\Chefnical composition of carcass and cuts from hog no, SI.4 




1 (^hemical composition of 


Chemical composition of 




edible portion 




separable lean 



Weight 





Weight 





Cut 

of total 





of sep- 





edible 


Fat « 



arable 


Fat b 




portion 

Pro¬ 
tein “ 

(ether 

e\- 

Ash « 

Wa¬ 
ter « 

lean 

Pro¬ 
tein ^ 

(ether 

ex- 

Ash ^ 

Wa¬ 
ter > 




tract) 





tract) 





Per- 

Per- 

Per- 

Per- 


Per- 

Per- 

Per- 

Per- 

Lojn_ _ _ 

PouniH 

cent 

cent 

cent 

cent 

Pounds 

cent 

cent 

cent 

cent 

IH 94 

17 68 

17 25 

0.93 

64 53 

12 00 

19 20 

9.45 

1 01 

70. 60 

Butt <• (top third of shoul- 

der). 

8 

16.24 

20 10 

.87 

63 34 

7. 53 

('*) 




Ham.. 

Picnic «(.shauk end of shoul¬ 

20 m 

16 58 

20.99 

.88 

61.91 

16.63 

19.48 

6 83 

1 05 

72 58 

der).. > , - 

10.01 

16 27 

22 14 

.83 

61.50 

8.16 

IS 27 

U 20 

. 95 

69 3f; 

Sparerfbs.. 

1 (ill 

16.59 

22 70 

.91 

.59 87 

1 63 




Shoulder rib. 

. 90 

i5 92 

25 .57 
‘ 30.14 

.45 

.76 

57.86 
55.40 

1 .90 

[ 16.19 

(4 

17.94 




Shoulder (regular 3-nb)... . 

22 11 

14.46 

; 12*20 

'.95 

”70.4.5 

Head, lucluding tongue_ 

«. 4.3 

! 11 50 

39 70 

.64 

48 14 

4 25 

16 48 


Belly. .. .. . 

Trimmings* (excluding back 

11.60 

[ U 69 

43.95 

.62 

44 73 

7 00 

|i9:h-| 

1 '' sfi 1 

63 59 

fat, plate, and leaf)__ 

Back fat and clear plate « j 

12 48 

1 9 66 

54 15 

.44 

36 52 

6 98 

1 

M 44 

1 30.35 

1 

.62 j 

54.73 

(outside fat of butt). 

10. 81 

a 60 

84.34 

' .21 
11 

.68 

13. 41 
7.72 

49.57 1 

1 


j 

i 


Leaf fat.. 

2 58 

2.50 
13 13 1 

91 ,58 

37 29 1 

J 

1 



1 

I 

. 

Total ed ible in carcass. 

100.11 

66 .58 1 

18. (X) 

13 45 

.93 1 

j 

68 17 

« Bused on total edible in each cut. 











Based on separable lean in each cut. 

^ Made from 3-rib shoulder. 

^ Composite sample of lean and fat. 

< Does not mclude trimmings from butt and picnic. 


These data suggest tliat the lean Jiieat of hog 31.4 was similar in 
composition to that of hogs of moderate fatness. 

SUMMARY 

Experiments with a large number of hogs of several breeds show^ed 
that there, was a consistent relationship betw'cen the content of fat 
in the edible portion of th^hog carcass and the percentages that the 
weights of certain cuts bear to the carcass weight. The percentage 
yield of the fat cuts (belly, leaf fat, and skinned back fat and trim¬ 
mings) increased with an increase in fat content. The coefficient of 
correlation ex;pressing that relationship was f 0.91 .-t 0.01. When the 
fat cuts consisted of only the belly and the unskinned back fat, the 
correlation between that percentage and the content of ether extract 
was 4 0.84 4 0.02. 

The combined weight of the belly, leaf, and skinned back fat and 
trimmings, expressed as a percentage of the cold-carcass weight, is 
offered as a simple and practical index of the fatness of hog carcasses. 
This index ranges from 15 to 35 percent and includes carcasses that 
<‘,an be classed as ve^ le^ and very fat. _ 

The percentage yield of belly and unskinned back fat is also offered 
as a practical but less reliable index of fatness for use when the weight 
of the other fat cuts cannot be obtained. 

These indices are proposed for use by hog breeders in determining 
the tendency of specific types, strains, or selected progeny to form fat 
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This fat index, applied to data on 281 barrows and 24‘^ilts, showed 
the former to be somewhat fatter. It was also used in a detailed 
study of a relatively lean hog eareass, the various re'tail cuts of which 
had been separated into fat and lean and analyzed physically and 
cluirnically. 
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PHYSICAL CHARACTERISTICS OF HOG CARXDASSES AS 
MEASURES OF FATNESS' ■ 


O. G. Hankink, arnior animal husbandman^ and N. K Kllis, chemist^ Arnmal 
ihisbandry Division, Bureau of Animal Industry^ United States Department of 
Agriculture - 

INTRODUCTION 

The fatness of ineat aninials and carcasses, known also as ^^finish”, 
is a characterist ic of ^reat practical importance. In animals intended 
for slaiiji:hter, fatness merits consideration with respect to both the 
a:rowing of meat anijuals and the requirements of consumers. The 
fattening of an animal is relatively expensive in contrast with pro¬ 
ducing earlicu’ growth. Normally the consumption of feed per unit 
of gain during fattening is greater than during the growth period, 
when the incn^ase in weight (*onsists largely of bone and muscle tissue. 
The longer the fattening is continued the more (‘ostly the gains become. 

Within a reasonable limit, increased finish is believed by many to 
be associated with increased desirability of meat from the consumer’s 
standpoint. However, the exact degree of finish associated with the 
most desirabh* (juality of the different classes of meat and the specific 
manner in wliich the fat inlluen<*es palatability are yet to be deter¬ 
mined. From these considerations it is clear that a simple means of 
imuisuring fatness, besides being of ])ractical importance, should 
facilitate technical studies relating to livestock production and the 
characteristics of nxMit and meat food products. 

In vi(nv of the foregoing it is apparent that an essential phase of 
studies dealing with the (juality of meat is the determination, or at 
least a reliable (estimation, of the proportion of fat in the individual 
carcass Accurate interpretation of results is diflicult, if not impos¬ 
sible, without information of this nature. Kxisting methods for 
measuring the fatness of hog carcasses may be criticized either as 
lacking in (‘xactness or as being relatively expensive in time or 
material. 

Any advance in methods for making, •estimates of fatness is of 
interest and value to research workers. If th(‘ imj)roved method is 
one which can be applied (|uickly with little expense, it may have 
direct value from certain practical points of view. 

Experiments conducted as a part of the national project, coopera¬ 
tive meat investigations, have taken (*arcass composition extensively 
into account. This has been true particularly in the beef and ])ork 
studies. In connection with this work many physical and chemical 
analyses of beef and pork carcasses and their respective cuts have 
been made by the Animal Husbandry Division of the United States 
Department of Agriculture. The ninth-tenth-eleventh rib cut from 

‘ Received for publicatiou, Oct. 5,1933; is.sue(l April 1934 This study was conducted ns a part of the 
national project, cooperativ%^at investigations % 

2 The authors acknowledge the assistance of R. L. Hiner, of the Bureau of Animal Industry, in meas¬ 
uring carcasses; S. S. Buckley (deceased), R. L. Iliner, C U Jeter (resigned), E. Z. Russell, K F Warner, 
and J. H. Zeller, of the Bureau of Animal Industry, and L. B. Burk and M T. Foster, of the Bureau of 
Agricultural Economics, in judging the hogs with respect to type and market grade; J. M. Spadola and 
W. R. Kauffman, of the Bureau of Animal Industry, in the analytical work on the carcasses; and Mrs. 
K. V. Steely in the statistical calculations. 
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the right siiJe was adopted as the standard beef-carcass sample by 
the cooperators .in the national project, and it has been used to indi¬ 
cate the composition of the dressed carcass as a whole. Through the 
analyses of a large number of pork carcasses and their respective cuts 
the Division established the fact ^ that the trimmed ham is a satis¬ 
factory sample froiii which the fatness of the carcass may be estimated. 
This greatly simplifies the work of physical and chemical analyses of 
the fat content of hog carcasses. 

Cutting yields have been found by Warner, Ellis, and Howe * to 
be a valuable method for estimating* fatness. Tlie correlation be¬ 
tween the sum of the percentages of trimmed belly, leaf fat, back fat, 
and fat trimmings, and the percentage of ether extract in the total 
edible portion of the carcass was ~f- 0.91 ±0.02 for a total of 75 hogs. 

In employing this method of estimating fatness, the carcass, of 
course, must be cut by a certain standard method and the various 
cuts weighed. The present paper gives a method wdiicdi is applicable 
to the uncut carcass and thus has a somewhat different field of 
usefulness. 

METHODS AND MATERIALS 

For several years the Animal Husbandry Division has been inter¬ 
ested in the possibilities oflered by carcass measurements in connec¬ 
tion with meat studies. These included, among other considerations, 
their possible usefulness in estimating fatness. 

In 1929 a set of 15 measurements was developed for use on hog 
carcasses.^ This method is applicable to center-split carcasses. A 
steel tape is used for taking till measurements except nos. 1,13, and 14. 
All measurements are taken in millimeters, with the carcass hanging 
from a hook in the normal position, head down. 

METHOD OF MEASURING CARCASSES 
liENGTH 

(1) Head: From the snout, between nostrils, to the tip of Ihe atlas joint 
(oecipito-atloid articulation). , (Calipers.) 

(2) Neck: From the base of the'-atlas joint to the anterior aspect of the 
first dorsal vertebra. 

(3) Body: From the anterior edge of the first rib to the lowest point (as the 
careas.s hangs on the hook) of the aitch bone. 

(4) Hind leg: From the lowest point of aiteh bone to the corojuary band of the 
foot. 

Depth at Seventh Dorsal Vertebra 

(5) Thickness of back fat, exclusive of skin.** 

(6) Distance from the lower margin of the back fat to the upper edge of the 
spinal canal. 

(7) Distance from the upper edge of the spinal canal to the lower edge of the 
split breastbone. 

»Unpublished data, 

* WxKNBR, K. F., Elus, N. R., and Howe, P. E. cuwino nBLpa%aH 008 an index or fatness. 
Jour. Agr, Research 48: 241-265, illus. 

* This method of measuring hog carcasses, except the steps relating to thickness of back fat, was devel¬ 
oped by a committee consisting of O. G. Hankins, H. C. MePhee, and K. F. Warner, of the Animal 
Husbpdry Division. The back-fat measurements had been employed since 1927 by N. R. Ellis, W. 0. 
Pool (resigued), and R. M. Rlemenscbneider in studies on the relationships between certain production 
factors and thickness of back fat, and between the latter and firmness as determined by laboratory tests 
and committee judgment. 

* Also included with (8), (9), (10), and (11) as one of the 5 measurements of thickness of back fat. 
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Thickness of Back Fat 

(8) At* the first dorsal vertebra. 

(9) At point 7 vertebrae below last lumbar. (Imdude last lumbar vertebra 
ill count.) 

(10) At point SYi vertebrae below last lumbar. (Include last- lumViar vertebra 
in count.) 

(11) At last lumbar vertebra. ^ 


ClUClIMFEKENCE OF FhoNT LE(! 


(12) Rij^lit front leg- 
joints. 


At point of least circumference between knee and iiastern 
Width and Plumpness 


(13) Shoulder: Widlli from inside of carcass at first dorsal viu’tebra to outside 
of slioulder on a line ])arallel 1o the floor. Sum of measurements of both sides 
of carcass is recorded. (Calipers ) 

(14) 11am: Width from top point of the aitch bone 1o the outside of the 
ham on a line parallel to the floor. Sum of measurements of both sides of carcass 
is recorded. (Calipers.) 

(1.")) Ham plumpness- in) Length from lowest ])oint of aitch bone to center of 
inside of hock joint hicated at bony jirojection which mav be felt under the skin; 
(h) circumference at mid jioint of measurement («), obtained by locating 3 or 4 
points on ham e(|uidistant from ])lane through center of l)ock joint, such ])oints 
marked with sharp nK‘tal .sk<‘wers and ham encircled with steel tape imme¬ 
diately below skewers for incasurenient; (c) m(*asur(Mn('nt (?>) multiplied by 100 
and divided by measurement (a) gives index of plumpness. 

Moasurenionts 5, 8, 9, 10, and 11 «ro uveni^od to pvo the ^Siveru^e 
thickness of back fat.’’ Detailed consideration is ^iven later to this 
canuiss characteristic. 

Since 1029 the foregoing method has betfli applied to a lar^e number 
of indivdduai hogs. The carcasses measurecl were those of animals 
used in a number of coojx'rative and independent e.\])eriments of 
varied natun^ and objectives. Some of the experiments involved 
chemical analyses of entire carcasses {exclusive of boii<‘ and skin. 
Thus data were obtained from which it was possilile to determine the 
relationships between certain selected measurements and the fatness 
of the edible portion of the carcasses. The jnirpose of this paper is 
b) report on the ndationships found. 

Sixty hogs were used in live experiments. Two of the expi riments 
were conducted cooperatively by the North Carolina Agricultural 
Experiment Station and the Cnited States Department of Agricul¬ 
ture. The others were conducted independently by the Department. 
The hogs in these experiments varied with respect to age, breed, sex, 
type, and initial weight, kind and quantity of feed, rate of gain, total 
gam, final weight, and market grade. 'T’he range of final feed-lot 
weights, for example, was from 93 to 250 jiounds. Some of the hogs 
were fed such a limited ration during part of the experiment as to 
result in a material loss in weight after they had reached a weight of 
approximately 225 pounds. The large number of these variables 
and the extent of variability in certain tnstances are believed to 
add significance to the results of the special study on fatness. 

The thickness of back fat is usually observed in forming an opinion 
on the fatness of a hog carcass and is generally regarded as a depend¬ 
able, practical guide. As prcviousljr explained, the thickness of back 
fat was measured at five different points, in the work reported herein, 
and these five measure;nents on each carcass were averaged, the 
figure so obtained being designated the “average thickness of back 
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fat/* The^ averaj^o values for the 60 hogs were correlated with tht^ 
percentages of .fat (ether extract) in the total edible portion of the 
carcasses. 


RELATION BETWEEN THICKNESS OF BACK FAT AND PERCENTAGE 
OF FAT IN EDIBLE PORTION OF CARCASS 


Figure 1 is a scatter diagram showing the relationshi]) between the 
average thickness of back fat in inillimeters and the percentage of 

fat in the total edible portion of 



AVERAGE THICKNESS OF BACK FAT ^MltUMETpS) 

Fku RE 1 liolHtion bwtwccn thicknesf; of 

back fat and i)ercentaj?e of fnt in edible portion of 


the carcass, for the (iO hogs an- 
alyzc<l. TTic regression line and 
its standard error arc also shown. 

ITic cfiuation for the regies- 
sion line, of the form y-a-V hx, 
is as follows: 

IVrcentage of fat in total edible 
poilion of carcass 22.45 + 1 

X average thickness of back fat. 

It ap])ears from figui'C 1 that 
tlie relationship is linear or that 
the straight line tits the points 
on the diagram in a satisfactoiy 
manner. It does not necessarily 
hold, however, that this relation¬ 
ship would apply to hogshaving 
back fat less tlnm about 15 mm 
in thickness, in which ciise the 
trend would obviously be down¬ 
ward.- The standard (‘rror of tlu' 
regression line or of the jaurent- 
age of fat in the edible |)ortion 
of the carcass is 4.2. 

The correlation coetlicient rep¬ 
resenting the rc'latiouship be¬ 
tween the two characteristics 
under cH)nsideration was found 


to be 4 0.84 with a standard error 
of 4 0.04. The corresponding 
coefficient of determination is 0.71. The relationship, represented 
by the coefficient 4 0.84, was the closest found betwu-en fatness and 
any of the other physical characteristics of the carcass(^s included in 


the study of the 60 hogs as one group. 

It is of interest in this connection that the correlation between 


the chemically determined fat content of the edible portion of the 
carcasses and of the trimmed, right hams, the latter being the standard 
carcass sample for analysis, was 4-0.93 -±0.02. ^ A comparison of the 
square (0.80) of this coefficient with 0.71, mentio'fted above, indicates 
that slightly greater accuracy is gained by analyzing the ^m, instead 
of measuiing the thickness of back fat to obtain an estimate of the 
fatness of the carcass. Conversely, the comparison indicates the 
accuracy sacrificed by employing the more rapid, less expensive 
method which may be applied as the split carcasses hang on the rail. 
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• In the study Wurner, Ellis, and Ilowe^ the' sunx of the percent¬ 
ages of trimmed belly, leaf fat, back fat, and fnt trimjjrfng, and the 
percentage of fat in the total (alible portion of the hog canaiss showed 
a relationsliip represented by the correlation coefficient 4-0.91 ±0.02. 
The standard error of the regression line or in the percentage of 
cannss fat as estimated by this cutting-yield nu'tj^od was ±8.3. It 
is apparent from tliese results that the average thickness of back fat 
is a hog-(*in’c-ass characteristic of vei*y definite value for estimating 
the fatness of the edibh' portion of the carcass as a whole. 

TYPK OF H()(; JN UKLATION TO VALUE OF TUE METHOD 

With a f(‘W (‘xceptions tin' type as sliown liy the individual hogs 
just prmr to shuigliter was judged and recorded by a committee' of 
three memlH'rs of the Deparl- 
nu'Tit staffThree major 
types were', recognized, viz, 
large, intermediate, and small. 

Thirty-four of tlie hogs wt're 
classed as int(U‘mediatc in 
ty])e. Tliis relatively large 
number of otk' type afforded 
an o])portunity to thimv light 
on tlie (luestion whether aver¬ 
age thickni'ss of ba(‘lv fat is a 
juore useful indc'X of fatiu'ss 
when tyj)e is uniform tlian 
when it varies. 

Figure 2 shows the relation¬ 
ship between the two factors 
among th(‘ 34 intermediate- 
type iiogs. 

The e(]ua,tion for the rt'gres- 
sion line rejxresenting the 34 
hogs is as follows: 

IVrcentage of fat in total 
edible portion of canaiss 
25.10 I 0.021 X average thick- 
lU'ss of back fat. 

The standard ('rror of the 
regression line is -A 3.5. This 
may be (‘lunpared with ±4.2 
when all 00 hogs are consid¬ 
ered. By assuming an infinite 
number of hogs in both cases and adjusting the standard (‘rrors of 
the regression lines accordingly, the difforeiu'e between the standard 
errors was found to remain practically the same. The smaller 
standard error of tfte regression line for the* 34 ho^s suggests that 
uniformity in .typo was a factor resulting in slightly greater accu¬ 
racy in the cstiniation of percentage of fat in the edible portion of 
the" carcass from the average thickness of back fat. However, 

" Warner, K. F., Klias, N. K , and Howk, P. E. See footnote 4. 

* Two meml)ers of this committee were representatives of tiie Bureau of Animal Industry, and one of 
the Bureau of Agricultural E(3onomics. 



Fujuke 2.-Relation between average thickness of back 
(at and iwrceiitajre of fat in odiblc poition of ho^ carcM.ss 
Each symbol (X) reiiresents i of 34 hogs of intermediate 
tyr>e. 
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th(\ corresponding correlation coefficients were 4* 0.87 ±0.04 and 
± 0.84 ± 0.04^ and the diflerence betw^een the tw^o is not statistically 
significant. 

Table show^s the average calculated percentages of fat in the 
edible portion of the carcass which correspond to different thicknesses 
of baede fat. It w^as prepared by using the regression equation given 
above. 


Tablk 1.- -Ai}(rage calculated pcrcenlagcH of fat in edible portion of hog carenfo^ea 
as related to different thicknesses of back fat 

(Average of r> measurements in each cjvse] 


Thickness of 
back fat 
(millimeters) 


0 .. - 

50 ... ^ 


Fat 111 pK^lible |j 

liortion of cur- |l 

cusses of - 1 

Hops 

Hops I 

vury- 

inter- 1 

nip ill 

iTioduitc 

type 

111 lyin' 

Pi rcent 

Percent 

1 

31 4 

32 S 

31 r. 

36. 3 

" II 


Thickne.ss of 
biic*k fat 
(millimeters) 



I Fat in edible j. 
I I Kut ion of car- ; 
i casses of - I 

Hops j Hops I 
var>- 1 inter- . 
iiiK 111 ! mediate j 
j type jmtyiieli 


\Pf'rcent\ Ptrun! ! 
1 7 1 40 7 ; 

! 43 2 i 13 K i 

I 40 0 I 4(* 0 ' 


Thickness of 
back fat 
timllimefers) 


10 

4:> 

:>o 


Fat lu edible 
portion of car* 
(‘asses of 


Hops 
vary- 
mp in 
t > )M‘ 


Hops 
inter¬ 
mediate 
in type 


\P(rccni\ 
\ fiO 1 i 
r>3 r, I 


Percent 
.•iO. 0 
M 1 

r><; 2 


Table 1 shows that at n back-fat thickness of 40 iiiiu the differcnco in 
fatness between tlu' two groups of hogs was least. 

OTHER FACTORS CONSIDERED IN RELATION TO FATNESS 

A number of other measurements, in addition to nverage thi(‘kness 
of back fat, were studied to determine tludr vahu's as indict's of fat¬ 
ness or of the per(*entuge of fat in the total edible portion of the carcass. 
Certain ratios, final feed-lot weight, andchilled-careass w(*ight were 
also considered. * The relalionshii)s found*are shown below’ in dtMTeas- 
ing order of magnitude, expressed as coellicients of (‘orrelation. Tlu^ 
standard error of the coefficient is also showm in each instance'. 


(1) Thickness of ))a(*k fat at seventli dorsal vertebra (uieasuro- 

nicntS)___ ±0.77 ±0.05 

(2) Width through siioulders (measurement 13} .. j- . 74± . 00 

(3) Weight of chilled carcass divideef by total length of body and 

leg (sum (.)f measurements 3 and 4).__ __ ... . -j- . 73:i: .06 

(4) Thickness of back fat at seventh dorsal vertebra (measure¬ 

ment 5) divided by depth of carcass exclusive of back fat 

(sum of measuremeut.s 6 and 7)__ ± . 72± .06 

(5) Weight, final feed-lot_ _ ... f- . 67-i: .07 

(6) Weight of chilled carcass__ _ _ _ .67± .07 

(7) Depth of carcass (sum of measurements 5, 6, and 7) divided 

by length of leg (measurement 4).___ ± . 65± .07 

(8) Width through hams (measurement 14}___ ± . 63± .08 

(9) Plumpness of ham (measurement 16)... ± .59± .08 

(10) Length of body (measurement 3) divided by mean of widths 

through shoulders and hams (measurements 13 and 14)-..- — . 58± .09 

(11) Depth of carcass (sum of measurements 6, 6, and 7 )^ .- ± .56± ,09 

(12) Length of body (measurement 3) divided by deptt) 4 )f carcass 

(sum of measurements 6, 6, and 7)___ — .54± .09 

(13) Length of body (measurement 3)____ _ ± .40d: .11 

(14) Depth of loin (measurement 6)___« 4 - . 39db .11 

(15) Entire length (sum of measurements 1, 2, 3, and 4).-f . 35± , 11 

(16) Length of ham (measurement 16)..... -j- . 33± . 12 


Consideration of these 16 correlation coefficients is simplified bv 
classifying them into four groups. Group 1 includes those which 
involve direct measurement of the layer of external fat or coeflBicients 
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2, and 8). There is little differeiire between the thickness of 
back fat at the seventh dorsal vertebra and the wi4jthL of carcass 
through the shoulders as indices of percentage of fat in the total 
(Miible portion of the c.arcass. However, width through the hams 
is represented by a considerably lower value. 

Group 2 includes all coefficients which involve^a ratio as one of 
the correlated factors. These are tlie relationships designated above 
as 3, 4, 7, 9, 10, and 12. The first-mentioned and highest, in which 
weight per unit of length is considered in relation to fatness, is a 
moderately high value (-h0.7^±0.0()). The second is practically 
identical with it. Relationship 9 indicates that increasing plumpness 
of ham is not necessarily closely accompanied by increasing fatness 
of carcass. This suggests, in turn, that- a high degree of plumpness 
may be due largely, in some cases, to umisual muscular development 
without a thick covering of fat. Relationships 10 and 12, the two 
low^est in this grou]), are interesting on ac(;ount of the small diflerence 
betweem them. It is olnious that it made litth* difference whether 
the average of the widths of carcass through the shoulders and hams 
or the depth of carcass was involved in the ratio. 

Group 3 consists of the relationships which involve weight as one of 
the correlated factors. The two such relationships inchided art^ thos(^ 
involving (1) final fe('d-lot weight (o), and (2) chilled-carcass weight 
(()j. The correlation coefficients and standard errors in the two 
cases are identical (-I 0.07 ±0.07). The corresponding (‘oelficient of 
determination, 0.47), indicates that slightly hss than 50 percent of the 
variation in fat contcuit of the edible portion of the carcass is associated 
w ith w eight alone, w hen the latter is regarded as an independent factor.. 

Direct measurements of depth and length nre involved in the rela¬ 
tionships includ(H.l in grouy 4 and designated 11, 13, 14, 15, and 10. 
All these coellicients are so low that the measurements are of little 
interest or significance in relation to the fatness of the canuiss. In 
this connection, the relative values of depth of carcass (11), width 
througli shoulders (2), and width through hams (8) are of special 
interest. Width through shoulders (-h 0.74 ± 0.00) wuis distinctly 
superior to either of the others as an ind('x of fatness, whereas width 
through hams showed only a slightly higher (‘orrelation than depth 
of carcass with percentage of fat in the edible portion of the (‘arcass 
( f 0.03 ±0.08 in comparison with ± 0.50 ±0.09). 

SUMMARY 

The method of measuring hog carcasses presented in this papeu* 
has been applied since 1929 to a large number of (*arcasses. The 
composition of 60 of these measured carcasses was determined by 
chemical analysis. Data were obtained from w hich it was possible to 
determine the relationships betw'een certain measurements and the 
fat content of the edible portion of the carcasses. 

The 60 measured^atld analyzed carcasses w^re those of hogs used in 
two cooperative experiments with the North Carolina Agricultural 
Experiment Station and three independent experiments. The ex¬ 
periments varied in nature and primary objectives. The hogs varied 
with respect to age, breed, sex, type, and initial weight, kind and 
quantity of feed, rate of gain, total gain, final w’eight, and market 
grade. Some were even ied to gain and then lose weight during the 
period of the experiment. 
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The thickness of back fat is generally regarded as a dependable, 
practical indication of the fatness of a hog carcass. It was measured 
on each carcass at five specific points, and the five measurements were 
averaged to obtain a value for average thickness of buck fat. These 
average values were correlated with the percentages of fat, or .ether 
extract, in the e(|ible portion of the 60 carcasses. A correlation 
coelficient of +0.84 was obtained, the staTidard error of the coefficient 
being ± 0.04. The equation derived for the regression line represent¬ 
ing the relationship was percentage of fat in total edible portion of 
carcass = 22.45 10.691 X average thickness of back fat. 

The accuracy sacrificed by employing this rapid, inexpensive 
method for estimating fatness is indicated by comparing its corri'la- 
tion coefficient with (1) the coefficient representing the relationsliip 
between the chemi(!ally determined fat content of the edil)lo portion 
of the carcasses and that of the trimmed right hams and (2) the 
coefficient rej)resenting the relationship between the fat content of the 
carcasses and the sum of the percentages of trimmed belly, leaf fat, 
back fat, and fat trimmings, 'riic three correlation coefficients are 
0.84 + 0.04, -l-O.OIf ±0.02, and 0.91 1.0.02, respectively. The coeffi- 
(‘ients of determination for the three methods of estimating fatness 
are 0.71, 0.86, and 0.83, respectively. The standard errors of the 
regression lines for the throe methods are ±4.2, :! 1.7, and ;L3.3, 
respectively. The results show that, for representative animals, the 
average thickness of back fat is a hog-carcass characteristic of very 
definite value for estimating fatness of the edible portion of the caieass. 

Separate consideration was given to 34 of tin*, hogs, which were 
classed intonnediate in type. A smaller standard error of the regres¬ 
sion line for this group suggests that uniformity in ty])e was a factor 
resulting in slightly greater accuracy in the estimation of fatness in 
the edible portioti from the average tliicknhss of back fat. However, 
the difference between the correlation coefficients for the two groups 
was not statistically significant. 

A number of other measurements, also certain ratios, final feed-lot 
weight, and chilled-carcass weight w'ere studied to deteniiine their 
values as indices of the percent^ige of fat in the total edible portion of 
the hog carcass. 

The 16 factors are classifi<'d into 4 groups. (Iroup 1 includes those 
that involved direct measurement of the layer of external fat; group 2, 
those which appear as ratios; group 3, final feed-lot weight and 
chilled-carcass weight; and group 4, th(»se appearing as direct measure¬ 
ments of depth and length. 

()f the 6 highest correlation coefficients among the total of l(i, tlu^ 
2 highest values are in group 1, the next 2 in group 2, and the lowest 
2 in group 3. Thickness of back fat at the seventh dorsal vertebra 
gave the liighest coefficient (+ 0.77 ± 0.05), width through shoulders 
being a close second. Weight per unit length of body plus leg and 
thickness of back fat at«the seventh dorsal vertobja divided by depth 
of carcass (exclusive of back fat) gave coefficients only slightly lower 
than the latter. 

Final feed-lot weight and chilled-carcass w'eight gave identical 
coeflBcients, too low to be of particular interest. Likewise, all group 4 
factors showed little relation to the fatness of the carcass. 




• FACTORS AFFECTING GLADIOLUS IN STORAGE >. 


By J. I. LiACHItzijn, senior physiologist, Division of Sugar Plani^Invesligaliom,^ 
atid R. C. Wright, physiologist, Division of Fruit and Vegetable Crops and 
Diseases, Bureau of Plant Industry, United Stales Department of Agriculture ^ 


INTRODUCTION 

The present knowledge regarding the jiroper storage conditions for 
conns of gladiolus {Gladiolus spji.) has been gained from experience 
and from isolated test trials under special conditions. The storage 
practice based on this knowledge consists in general of first curing the 
conns and then storing them in dry air at low temperatures. The 
curing consists in drying the conns and tops until the latter can be 
removed without injury to the conns. The most specific recommenda¬ 
tions given regarding proper storage conditions are that the storage 
house should bo dry and that its temperature, should apyiro.ximate 
4..')° C. The necessity for keeping the corn’s dry has been further 
recognized in the practice, of storing them in slatted shallow crates. 
A common practice, is to store the conns in trays that slide like drawers 
in a I’ack several stories high, or (if tlie conus are small) on screen-wire 
shelvi's. Because of the low temperatures prevailing during most of 
the storage season (winter months) in the Northern Stales, common 
storage has been the usual jiractice. In recent, years, because of the. 
increased production of gladiolus in the southern pait of the United 
States and tlie comparatively liigh temperatures of the storage season 
there, the practice of refrigerated storage has been initiated. 

Soule,'* working in Florida, found that more uniform germination 
occurred in conns stored for a time at cold-storage temperatures 
(probably 4.5° to 5° ('.) than in conns not so stored (conditions not 
stated). Jlc states that ii^conns .stored at a temperature of 5° and a 
i-elative humidity of 70 percent there was no shriveling, no loss in 
w’eight, and no development of blue mold. 

The investigations discu.s.se.d in this jiaper were undertaken in 
response to a demand on the part of commercial dealers for more 
definite information regarding the (‘Ifects of storage. tom})eraturc and 
humidity on gladiolus. 

A study w as made of the effects of certain temjieratiires and humidi¬ 
ties on dormancy, I’ooting, sprouting, loss in weight, and the develop¬ 
ment of penicillium rot in wounded and unwounded gladiolus corms 
during storage, and the subseejuent germination, flower production, 
and yield of the.se corms in the field. Information was also sought 
regarding the relation of suberization and poridenn formation iri 
wounded areas to infection of gladiolus corms by Penicillium gladioli 
McC. and Thom, and the tolerance of conns to certain temperatures 
favorable for cork formation. The work was done at the Arlington 
Experiment Farm, Rosslyn, Va., near Washington, D.C'. 


I Received for publication Nov J, 1933, issued, April 1934, 

* Formerly pathologist, Di>iifiion of Fruit and Vegetable t'rops audM)iseH.ses, Bureau of Plant Industry. 
3 The writers are under obligations to Dr. Freeman Weiss, of the Division of Fruit and Vegetable Oroiis 

and Diseases, who kindly arranged with the American Gladiolus Society to obtain from its memliers most 
of the corms used in these investigations and who assismd in the selection of the varieties and in diagnosing 
some of the diseases encountered, and to Lucia McCulloch, of the same Division, who assisted in diagnos 
ing wSome of the diseased corms. 

* Soule, M. J. gladiolus in Florida. Gladiolus Rev. 7:103,106,133. 19.30. 
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MATERIAL 

The followitig varieties® of gladiolus were used in storage experi¬ 
ments during 1 to 8 seasons (1927-28, 1928-29, and 1929-8()): Alice 
Tiplady, Jenny Lind, Ijatinia, Lucette, Louise, Mrs. J. C. Bruggen, 
and White Wonder, 1 season; Maiden Blush and Virginia, 2 seasons; 
and Chicago White, 3 seasons. Chicago White, Latinia, Maiden 
Blush, and Virginia were used also during the storage season of 1930“31 
in a study of the relation of wounding, suberization, and periderm 
formation to infection by Penicillhnn gladioli. These varieties were 
obtained from various parts of the country and were shipped to 
Washington, D.C., by express, lato in the fall, after having been 
subjected to various conditions of curing and temporary storage at 
the respective points of origin. During the first season the conns of 
the different varieties before being stored at Arlington Experiment 
Farm were subjected to very different field conditions, climate, and 
handling during harvesting, curing, and shipment. After the first 
season's storage, however, the varieties used for more than one season 
were grown at the Arlington Experiment Farm under uniform condi¬ 
tions and were subjected to the same handling and curing methods. 
Thus the material, aside from differences in variety and in some 
instances in size of corms,^ was fairly compai’able. Before the storage 
experiments were begun, all lots of conns were thoroughly inspected 
and all abnormal specimens, vsuch as those that had wounds or disease 
or were off-type, were discarded. 

In the inoculation experiments Fenicillium gladioli isolated from 
gladiolus was used as the inoculuin. 

CONTROL OF STORAGE CONDITIONS 

The storage space used was of three types: (1) Insulated refrig¬ 
erated rooms 8 feet wide, 14 feet long, and 11 feet high; (2)^ galvanized- 
iron chambers 40 iiu’hes high, 42 inches long, and 35 inches wide; 
(3)® insulated chambers 2 feet high, 4 feet wide, and 3 feet deep. 

The temperature of the insulated rooms was controlled either 
manually by refrigeration-or automatically by a thermoelectric device. 
In the latter case the temperature of the room was reduced by refrig¬ 
eration to slightly below that desired and then heated by means of 
electric heaters controlled by thermoregulators. The galvanized-iron 
chambers, 9 in all, were located in three of the rooms (3 in each room) 
in which the temperature was controlled thennoeleciTically; the 
temperatures of these chambers w^ere governed by those of the rooms. 
The temperatures of the insulated chambers were governed thermo- 
electrically and provided with air exchange. The humidity of the 

* The originaJ stock of the varieties used in tliose investigations was generously contributed by the follow¬ 
ing growers and dealers* Chicago White and Latinia varieties, by Vaughan Seed Store, Chicago, 111.; Alice 
Tiplady, by Seabrook Nurseries, Seabrook, N.H ; Lucette, by Bill’s Glad Farm, Canandaigua, N.Y.; 
white Wonder, by Ashville Flower Fields, Ashville, N.Y.; Maiden Blush, by Wales Road Gardens, 
Toledo, Ohio, Louise, by Deer Lodge Glad Farm, South Haven, Mich.; Mrs. J. C. Bruggen, by Hope 
Glad & Floral Gardens, Dallas, Tdx.; Jenny Lind, by M. G. Ellis, Cantby, Dreg.; and Virginia, by 
Bri^ Floral Co., Encinitas, Calif. 

« The following commercial grades were used as standards of sise: No. 1,15 inches in diameter and larger; 
no. 2,1.25 to 1.6 inches; no. 3,1 to 1.25 inch6.s; no. 4,0.75 to 1 inch; and no. 5, 0.5 to 075 inch. The sizes of 
the different varieties as they were received from the grower or dealer were as follows Chicago White, 
Maiden Blush, and White Wonder, no. 1; Alice Tiplady and Louise, no. 2; Latinia and Lucette, no. 3; 
ana Jenny Lind, no. 5. 

» Lauritzin, J. I., and Wrioht, R. C. some conditions affecting the storage of peppers. Jour. 
km. Research 41; 295-305, Ulus. 1930. 

'f'LAURmEN, J. I., and Harter, L. L. species of rhizoptjs responsible for the decay of sweet- 
potatoes IN THE storage HOUSE AND AT DIFFERENT TEMFERAyUBSS IN INFECTION CHAMBERS, JOUT. 
Agr* Research 24: 441-466, illus. 1923. ^ 
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/ihambers and rooms was controlled by the use of water or calcium 
chloride in evaporation pans. 

A different temperature was maintained in each of the 3 rooms 
containing the galvanized-iron storage chambers; the 3 temperatures 
wer^ 0°, 4.5°, and 10° C. A different humidity was maintained in 
each of the 3 chambers in each room. An effort was made to main¬ 
tain at 1 temperature 3 different humidities that slmuld be comparable 
in evaporating power to 3 corresponding humidities maintained at 
each of the 2 other temperatures. In other words, the saturation 
deficits of the 3 humidities at 1 i^ernperature approximated the satura¬ 
tion deficits of the 3 corresponding humidities at each of the 2 other 
temperatures. The temperature, saturation deficit, and humidity 
values sought are presented in table 1. The actual readings for the 
three seasons are given in subsequent tables. The insulated chambers 
and the galvanized-iron chambers were provided with psychrometers 
on whicli the air of a fan was directed. Each chamber contained 
glass windows so that readings could be made directly without dis¬ 
turbing the conditions within the chambers. 


Table 1. —Percentages of humidity at each of H temperatures corresponding to satu¬ 
ration deficits of equal value at the S temperatures 
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LOSS IN W1]IGHT OF CORMS DURING STORAGE 

It may be assumed that loss in weight of gladiolus conns in storage 
is due mainly to loss of water through evaporation and loss of carbon 
dioxide through respiration. The amount of carbon dioxide evolved 
is undoubtedly influenced by temperature-but may also be influenced 
by wounding and jicssibly i)y the loss of moisture. In the absence 
of data relating to the interaction of these factors in the storage of 
gladiolus, it would be unsafe to assign to them a particular value. 
The loss of water is believed to be largely a function of the vapor 
pressure of conn tissue and of the air surrounding the conns, but 
doubtless it is influenced by wounding and the degree to which the 
wounded areas are healed by suberization and periderm formation. 
Proper maturing and curing previous to storage may also affect the 
loss of water. Such physical factors as the size and quantity of the 
corms and the amount of air movement play a part in modifying the 
loss in weight. The experiments reported herein were not designed 
to determine the vaiue oi these various factors*b\it merely to determine 
the loss in weight of stored conns of a number of varieties under 
fairly uniform* conditions of temperature and humidity (fig. 1). For 
a given variety during a given season, the methods of harvesting, 
curing, and wounding were uniform for all storage conditions, and 
corms of uniform size were used. As regards the different varieties, 
there were differences in^^he localities in which the conns originated 

47706—34-6 
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and also difl’erences in harvesting practice, wounding, curing, and the, 
duration of storage. An effort was made to eliminate any obvious 
differences in w*6unding. Records of loss in weight under fairly com¬ 
parable conditions of temperature and evaporating capacity of the 
air were made during three seasons for the Chicago White variety 
and during one season for seven other varieties (fig. 1). 

The results show^that loss in weight is correlated with evaporating 
power of the air, or saturation deficit. There were three exceptions 
m which the loss in weight was not in favor of the lower hmnidity: 






/Z££/ir/y'£ /f</Af/o/ry (£££.C£AfrJ 


Fioitre 1 --Keltilion of temperature and humidity to percentage loss of weight in conns of gladiolus vari¬ 
eties during three seasons The dm-ation of storage and the number of conns of each variety useci under 
the various storage conditions were as follows During l»27-28. (Tiicago White, 47 days and KX) conns 
During 1928-29* Alice Tiplady, 83 (iays and 109 conns, Chicago White, 137 days and 100 corms, Lucette, 
laOdays and S.'i corms, 1/ouise, 73 days and 69 corms, and White W(>n<ler, 80 days and 88 corms During 
1929-30. Chicago White, iW days and 85 conns; Malden IMusli, Wl days and 96 conus, Latlnia, 96 days 
and 45 corms; and V^irginia, 99 days and 39 conns. 

(1) At 89 and 98 percent relative humidities at 10° C., in Alice 
Tiplady; (2) at 08 and 78 percent at 0°, in White Wonder; (3) at 93 
and 77 percent at 0°, in Virg^iniii. In most instances the percentage 
loss in weight at the three humidities was slightly greater at 0° ('. than 
at 4.5°, and, in some instances greater than at 10°, although it was 
greater more frequently»at 10° than at 0°. The^verage loss at the 
three humidities at each temperature in all varieties was 8.2 percent 
at 0°, 7 percent at 4.5°, and 8.2 percent at 10°. Because of greater 
vegetative activity, such as rooting and sprouting, at 10° and 4.5° 
than at 0°, a higher rate of respiration would be expected at the higher 
temperatures, which would cause a greater loss in carbon dioxide and 
hi^noe a greater loss in weight at humidities with the same saturation 
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• deiicit. The consistency with which a greater loss occurred at 0° 
than at 4.5® indicates that sonic factor other than humidity of {he air 
or the loss of t'arbon dioxide through respiration functioned at 0® to 
increase the loss in weight. A possible explanation is suggested by 
the. work of Artsclnvager and Slarrett,'^ who found suberization and 
periderm formation occurring at 4.5® but not at^O®. It may be that 
a temperature' of 0® inhibits thickening of tlie slvhi and consequently 
jiennits a greater loss of water, because of the immaturity or lack of 
continuity of the skin, than is ])ossiblc at a higher temperature at 
which the thickening process can continue. Before definite (*on- 
clusions can be drawn, however, more work juiist be done. 

There was considerable differern'e in loss of weight among the 
difrercTit varieties, even in the same season under identical conditions 
of storage, rnfortunately these experiments were not designed to 
determine the relative susceptibility of the difrerent varieties to loss of 
moisture. The conns varied in size, and the duration of storage was 
not the same (for various reasons) except in three varieties (Chicago 
White, Maiden Blush, and Virginia) dining one season. The results 
(‘inphasize the importance of making a comparative study in loss of 
weight ill the different varieties. 

ROOTING AND SPROUTING DURING STORAGE 

Temperature and humidity affect not only the looting and sprouting 
of gladiolus in storage but also the rest period or dormancy—a condi¬ 
tion presumably resulting from a factor that inhibits some of the nor¬ 
mal ])hysiological ])rocesses, including germination and sprouting. 
However, no effort was made to isolate these latter effects. The 
])resent study was limited to the effects of certain storage conditions 
on spiHiuting and rooting .during a period of 73 to 142 days (table 2). 
The data Mere obtained from the same ex})erimenls as Mere the data 
on loss of Meight. 

With the exception of 4 percent rooting and 2 percent sprouting in 
the Latiriia variety after 1)9 days’ storage at 0® C\, the conns of all the 
varieties remained dormant at approximately 0®. There Mas some 
rooting at 4.5° in (liicago White during 3 storage seasons and in 
l^ucette, \^*hi^e AVonder, and Virginia, but not in (he other varieties. 
Exce[)t m one conn of Chicago A\‘hite during 1 season (1929-30), 
there Mas no sprouting at 4,5® in any of the varieties. At 10® there 
Mas sprouting in Chicago White in 2 out of 3 seasons, and in ail 
other varieties excejit Louise. There M as rooting at 10® in all varieties 
except Louise. The storage period for the Louise variety Mas slightly 
shorter than that for any other variety and considerably shorter than 
that for some. Time may have beiui a limiting factor in this case. 
It is evident that temperature greatly affects both rooting and 
sprouting. In general, the higher the humidity of the storage cham¬ 
ber the higher M*as the percentage of rooting and sprouting. Hence 
as the humidity wvis loM’ered there Mas inciVased dormancy. There 
were certain ^^xceptions, as in the small amount of rooting in Chicago 
White at 98 percent relative humidity at 10® during the season of 
1928-29 and the small amount of sprouting under the same storage 
conditions during the season of 1929-30. 

9 Artw’hwageh, E., and Starkktt, K srnKRizATioN and wovnd-peuidjekm formation in hwekt- 

POTATO AND GLADIOLUS AS APFKCTKUwftY TEMPERATURE AND RELATIVE HUMIDITY. Jour. Acr. Kesearcll 43: 
353-364, illus. 1931. 
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Table 2 . —Relation of storage temperature and humidity to sprouting and rooting 
in different varieties “ of gladiolus durmg S storage seasons 
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« The number of conns of each variety used at eatdi storage condition was as follows: Chicago White, in 
1927-28, 100; in 1928-29,100-124; and in 1920-30,84-89; Alice Tiplady, 100, Lucette, 80-sf.; Louise, 69; While 
Wonder, 85-96; Maiden Blush, 92-98; Latinia, 4,5-40; and Virginia, 38 -.59. 

In order to simplify presentation of data, the temperatures .sought were vSiibstituted for the actual temper¬ 
atures obtained during each of the 3 seasons; however, the actual temperatures were close to those sought. 

« The humidity readings represent the extreme humidities obtained at the particular storage condition 
during the 3 seasons. The actual temperature and humidity readings for the 3 seasons are given in tables 3, 
4, and 5. This procedure is followed in later tables dealing with the same storage conditions. In the text 
only the temperatures sought are given. 

^ Storage iieriod, 142 days; no sprouting. 

«Storage period: Alice Tiplady, 83 days; Chicago White, 137 days; Lucette, 130 days; Louise, 73 days; 
and White Wonder, 80 days, 

/ Storage period, 96-99 days for all varieties. 


FIELD TESTS ON GERMINATION, FLOWER PRODUCTION, AND 

YIELD OF CORMS 

The success of any method of storing gladiolus is measured by the 
subsequent germination,'production of plants and*flowers, and yield 
of corms. 

The corms of the Chicago White variety, stored during 3 seasons, 
tho^ of the Lucette variety, stored for 1 season, and toose of the 
Maiden Blush, Latinia, and Virginia varieties, stored for another 
s^on, were planted in the held, and a record was kept of germina¬ 
tion, flower production, and yield of corms. Xhe storage temperatures 
and humidities in all cases were fairly comparable. 
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Table 3.^ —Influence of storage tem'perature and humidity on field germination, 
V/^^^tucUon of blooms, and yield of corms in the Chicago White variety of gtridiolus. 
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T\ble 4.- Influence of storage iemperatme and humidity on field germination, 
production of blooms, and yield of corms in J varieties of gladiolus, tOdS dO 
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« Storage period, 137 days (Dec. 7, 1927, to Apr. 23, 1928). 

The corms were planted the first week In May and harvested Dct. 29, 1928. 

Storage period, 130 days (Dec. 14, 1927, fo Apr. 23, 1928). 

In soil of uniform charactor, the corms were planted 2 inches deep 
and 6}i inches apart, m*120-foot row's 30 inches apart. During the 
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first season (1927-28) the conns of the Chicago White variety froin< 
each storage temperature were planted side by side in 3 rows, each 
row containing corxns from the 3 storage humidities. During the 
second and third seasons, the conns froxn each condition of tem¬ 
perature and humidity were divided into two lots. One lot of each 
variety from each storage condition was planted in succession down 
and back up the rovfs, starting at one corner of the plot. This process 
was repeated for the second lot of ea<‘h variety from the various storage 
conditions. The results shown in table 3 were obtained from 1 lot from 
each storage condition during 1927-28. The data in tables 4 and o 
represent averages of the 2 lots of each variety from each storage con¬ 
dition during the seasons 1928-29 and 1929-30, respectively. 


Tablk o,' -Influence of Morage temperature and humidity on field germination^ 
production of bloom>Hy and yield of cortns in 4 varieties of gladiolus, 19JO 3(J ** 
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« 8tor*^e period: Chicago White, Maiden Blush, and Virginia, 99 days (Dec. 18, 1929, to Mar. 27, 1930): 
Latmla, 90 days (Dec. 21, 1929, to Mar. 27,1930). • 

« ']^be corins were planted In April and harvested in early September 1930. 
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• For all varieties, the percentages of conns yielding plants ranged 
from 77 to 100, but was generally rather high and uniform.* The 
size of the conns used in planting differed somewhat in different 
varieties and this may have exerted some influence on the production 
of blooms (spikes) and the yield of corms, although the results are 
(‘ontradictory. The Lucette variety (table 4), with smjdl-sized conns 
(grade 3), showed a low but rather uniform prodifction of blooms and 
yield of corms from all conditions of storage. On the other hand, 
Latinia (table 5), with corms of the same size (grade 3), showed a high 
produ(*ti()n of blooms and yield of corms from all conditions of storage, 
except the fairly low percentages of blooms from conns stored at 
0.2°, and 4.8° (\, and relative humidities of 64, 77, and 73 per¬ 
cent, respectively. With the exception of the Lucette variety, the 
j)er(‘entages of plants producing blooms ranged from 71 to 100. The 
former percentage was obtained in the lots of (3ucago White and 
Latinia that showed the smallest production of plants. 

The foregoing data show little or no influence of storage conditions 
on gen-mination (yield of plants) or on prodmdion of blooms. 

If the total result from the three humidities at each storage tempera¬ 
ture is (‘onsid(M-ed, it will be found that in all varieties the percentage 
yield of corms was greater from corms stored at 0° (\, than from those 
stored at 10°, although the diffVremT was small in Lucette (tal)le 4) 
and in Maiden Blush and Latinia (table 5). In Chicago White for 
each of the three seasons (tables 3, 4, and 5) and in Virginia (table o), 
the yield of corms was greater from corms stored at each of the humid¬ 
ities at 0° than from those stored at the corresponding humidity 
at 10°. If the total result from the three humidities at each storajre 
temperature is considered, it will be found that in (’’hicago White 
(except during one season) and in all other varieties the yield of corms 
was greater from corms s^^fored at 4.5° than from those stored at 10°, 
although in Maiden Blush the difference was small. In (Miu^ago White 
in one season (table 3) and in Latinia, Maiden Blush, and Virginia 
(tal)le 5), the yield of corms increased as the storage temperatures were 
lowered from 10° to 0°. These data show that the storage temperature 
exerts some influence on the yield of corms in gladiolus. The subject 
should be investigated further. 

DEVELOPMENT OF PENICILLIUM ROT AT DIFFERENT STORAGE 
TEMPERATURES AND HUMIDITIES 

INFECTION IN UNWOUNDEO CORMS 

The rot under consideration was produced mainly by Penkilliim 
gladioli, although in some instances the invasion of conns by other 
species of PenkUlium and by other pathogenic organisms has been 
noted. The storage conditions in part of these experiments were the 
same as those already discussed, and the data on disease were obtained 
from the corms used in the rooting and sprouting experiments. Chi- 
(tago ^Vliite was siWired for 3 years, and Alict*Tiplady, Latinia, Louise, 
Lucette, Maiden Blush, Virginia, and White Wonder for one season. 
In the remaining experiments, the corms of Mi-s. J. C. Bruggen, elonny 
Lind, Maiden Blush, and Virginia were stored at 0° to 15.5° md 
at different humidities; in these experiments no effort was mad*^ to 
make the humidities comparable at different temperatures. 
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Infection by Penicillium gladioli at 10° C. was limited to one season, ■ 
and to the Lucette, Chicago White, Louise, and WTiite Wonder 
varieties (tabic B). In most varieties infection was heavier at 0° and 
at 4.5° than at 10°. No infection occurred at any condition of 
storage in the Virmnia variety. In some instances the percentage of 
infection increased with the rise in humidity at 0° and 4.5°. The 
dependence of infection upon wounding may account for the absence 
of a more definite relation of infection to temperature and humidity. 

Table 6 . —Influence of storage temperature and humidity on infection by Penicillium 
gladioli and other organisms in different varieties of gladiolus during S seasons 
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1 4 

0 

0 

0 
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« Storage period, 142 days, number of corms stored at each Immidity, 1(K) or 101 

t Storage period: Alice Tiplady, 83 days: Chicago White, 83 and 137 days, Lucette, 7f> and 130 du>s, 
Louise, 73 days, and White Wonder, 80 days Number of corms stored at each humidity Aliw Tiiilatiy, 
93 to 101; Chicago White, 100 to 124; I.<ucette, 83 to 8tl; l..ouise, 09; White Wonder, 8,'> to 90 
' Storage period, 96 to 99 days for all varieties. Number of corms stored at each humidit >. Maiden Blush, 
92 to 97; Chicago White, 84 to 89, Virginia, 38 to 46, Latmia, 44 to 46 
‘*1.1 percent, scab; 1.1 percent, unideortlhed decay. 

• Unidentified decay. 

f 1.2 percent, Fumrmni; 2.3 percent, unidentified. 

* Fumritim, 


During the season of 1928-29 unwounded corms of the Mrs. 
Bruggen, Jenny Lind, Maiden Blush, and Virginia varieties of gladi¬ 
olus were stored at temperatures of 0° to 15.6° C. and at difl'erent 
humidities (table 7). No infection occurred in the Mrs. J. C. Bruggen 
and Virginia varieties and only 3.9 percent in Jenny Lind at one 
temperature (15.6°). Rather heavy infection occurred in Maiden 
Blush at all temperatures, regardless of humidity. These results 
indicate that some factor other than humidity and temperature 
determined the initiation of decay under the various conditions of 
storage. The corms of the Maiden Blusli variety ftaed in this experi¬ 
ment were badly wounded and covered with spores oi Penicillium 
when they arrived from Ohio. In preparing this lot, as well as all 
other lots, the infected and most seriously wounded corms were 
discarded. The other varieties showed little infection or wounding. 
The high percentage of infection in Maiden Blush is believed to have 
resulted from contamination of wounded corms with Penicillium. 
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J'able 7.- Influence of temperature and humidity on infection of varieties of 
gladiolus by Pemcillium gladioli^ '* • 
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60 
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" Storage period Mis J Hiuggen, 00 dii>s. Jenn> Lmd, 51 da^‘^, Afaiden Hlijsb, 01 and 114 da\s, 
Viiginia, 51 da\s 


INFKt'TION JN WOUNDED UORMS 


«ik 1 Thom Jiav(‘ shown tlint PenlcUHuin gladfoH is 
unable to |)(‘netrat<‘ |1 h‘ normal uninjurt'd epidermis of ^^ladiolus 
conns. 

The Chicago VVliilt* variety, dunn<i: three seasons, and the Ali(‘(‘ 
"J^ipladv, Lueeite, liouise, White Wonder, Maiden Blush, [.atinia, 
and Virginia during I season (table S) were stored from 9h to ISl 
days at 9 eombinations of temperature aiid relative humidity. In 
the (wiieriments of 1927 28 and 1928-29 the eorms were wounded 
by cutting a small wed^e-shuped piece of tissue about 3 to 4 mm deep 
from the side of each conn; in the experiments of 1929 30 a small 
slice ()f .tissue about 1 mm deej) and about 10 mm in diameter was 
cut from the side of each f'orm. Wounded conns of the Mrs. J. (\ 
Bniggen, Jenny Lind, and Virginia varieties were stored during the 
season of 1928 29 at the temperatures and humidities ghen in table 
9. The method of wounding was the same as that used for other 
varieties in the experiments of 1927-28 and 1928-29. 

Under the same conditions of storage, •infection by Penivillium 
gladioli was much more consistentl.y present in the wounded than in 
the unwounded conns. No infection occurred in wounded conns of 
the Virginia variety under tlie storage conditions shown in table 9, 
ainl very little after 99 days^ storage at the temperatures and humid¬ 
ities shown in table 8. Tliis variety, however, developed no infec¬ 
tion in unw'ounded conns under eitlier set of storage conditions. 

There was no infection l)y Penivillium gladioli in wounded conns 
of any variety at any of the relative humidities at 10° C. (tables 8 
and 9). The only infection tliat occurred at temperatures above 10° 
was 27 percent in the Jenny Lind variety at 15.0° (table 9). In tlie 
Lucette, Louise, and White Wonder varieties, infection was limited 
to a temperature ^0° (table 8), In the Mrj^ J. C. Bruggen variety, 
infection was liiitRed to 0° and 2.2° (table 9). In Chicago White 
(during: three‘seasons), Alice Tiplady, Jenny Lind, Maiden Blush, 
Virginia (during one season), and J-atinia, infection occurred at 0° 
an(r4.5° (tables 8 and 9). Infection also occurred in the fJenny Lind 
variety at 0.5°, 2.2°, and 4° (table 9). 

“> McCulloch, L., and Thom, C. 4 kot of gladioli's coums cat'skd wy ricNiciLLirM gladioi 1 , i , mc c. 
AND THOM Jour. Agr. ttesearch 36 217-224, iUiis 192^ 





276 


Jovrnal of Agriadtvral Research 


Vol. 48, no. 3 


Table 8. —Influence of wounding on infection hy J*enicillium gladioli in different 
vaheties of gladiolus at different temperatures and humidities during 3 seasons 

fValues for depth (»f decay during ’ast two seasons represent averages] 
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« The number of conus of each variot y used under each condil ion of storage ranged h oin 0 to 12. 

(> Storage period, 181 days. 

«Storage fieriod; Alice Tiplady and Chicago While, 137 days; liUcette and While \\oiider, 136 days; 
and Louise, 127 days. 

^ Decay i»enetrated to the center of the corm 
• Decay mostly about 12 mm deej) 

/ Storage period; (^hicago White, Maiden Blush, and Virginia, 09 days; and Latinia, 96 days. 


It is evident that the amount of moisture in the air is important in 
determining infection. With one exception, namely, the Jenny 
Lind variety at 4° C. afid a relative humidity of 6# percent (table 9), 
no infection occurred at 4.5° or 0° at the lowest humidity employed 
and in many instances none occurred at the next higher humidity. 
In other words, nearly all the infection at each temperature occurred 
at the two highest humidities. 
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• What are the factors limiting infection at 10° C. and at the lower 
humidities at 4.5° and 0°? In an effort to answer this question a 
study w^s made of the effects of temperature and* humidity on 
suberization and })eriderjn formation and their relation to infection 
by Penivillrmn gladioli 

Table 9. —Injluvncv wounding on infechon by Padcilliutnn^adioli in 3 varieties 

of gladiolus at different temperatures and humidities, tOJS 
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■' Storage itertod, 104 da\s, 10 cortris stored at each humidity 
t'oiiiplotoly deca 3 ed. 


Effect of 8ubeui/atic)N ant> Perideum Formation on Infection bv 
, PENTCIIXICM OLABOLI 

Artscln\a<i:er and Stanett made a histolopcal study ” of suberiza¬ 
tion and periderm ionnation in wounded ij:ladiolus (*orms in the 
Maiden Blush variety stored at 24 combinations of tem])erature and 
relative humidity for 22 days. Nine of these combinations (3 humidi¬ 
ties at each of tlie temperatures 0°, 4.5°, and 10° (\) were the same 
as those used in some of the experiments here reported (table 4). 
Data on suberization and periderm formation were taken daily for 
the first 10 days, then after 15 and 22 days. By the end of the first 
10 days suberization had taken place at temi)eratures from 10° to 
30.8°; by the end of 15 days it had developed at 4.5°. The rate of 
suberization w’as afl'ected somewhat by temperature and humidity. 
Suberization developed at tem|)eratures of 21.9° to 30.8° in 1 day, 
at 19.3° in 2 days, at 15.3° in 3 days, at 12.5° in 4 days, and at 10° 
in 5 days. The effect of lovverin*^ the hnmidities at 11.4° to 12.4° 
and at 28.3° to 28.8° was to retard suberization. At a temjierature of 
28.3° and a relative numidity of 01 percent, 3 days were recpiired as 
compared with 1 day at the higher humidit^s at this temperature. 
In no instan(*e w^n^^the humidity low' enough at these tem])eratures 

Arthcbwager, E , and Starrett, R. C scberization and wocndteuidem formation in sweet- 

POTATO AND (iLADlOLUS AS AFFECTED BY TKMPEKATURF. AND RELATIVE HlMir)IT\. .foUF Agr. liOSeaFCU 
43* 35:i-304, illus. 1931. 

To rectify any miscmiceplion winch may have arisen ns a result of statements in the introduction and in 
footnote 7 of the paper here {*ited. ArLschwager has submitted the following: “The impression given by us 
through the omission of a corrected statement, that our work ennsLSted of more than a histological study 
of the materials furnished by J. I. Lauritzen is hereby corrected.” 
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to prevent suberization. Periderm formation ocnnirred at temi)erM- 
tures above 15.3^^ within 10 days but not at temperatures beJow" 15.3° 
in 22 days. It develo])ed in 4 days at temperatures of 2f).4°, 28°, 
30.9°, and 36.8° with hij^h humidity, and at 28° with humidities of 
89 and 96 pereent, but only after 5 days at 28° with humidities.of 61, 
72, and 79 pereent. Five days also were re(|uired for its formation 
at 19.3° with high humidity. 

In another test, suberization and peridej*m formation oeeurred in 
w’^oiinded corms of the tiiieago White, Maiden Blush, Latinia, and 
Virginia varieties in 79 days of storage at tem])eratiu*es of 4.5° and 
10° C., ])ut not at 0°. Data wm*e obtained fjoju the same material 
as the data iji table 10. No examijiations of these lots were juade at 
shorter intervals. 

The foj*egoing results may serve to explain the i)reseiu*e or absence 
of infection in w'^ounded corms (taldes 8 and 9). Infection occurred in 
the absence of suberization and ]>eriderm formation (at 0° C.) or 
wiien these processes were greatly retarded (at 4.5°) and wiien(‘vei* 
the humidity^ w^as iavoralde to germination of spores and growth of 
Femc'dlium gladioli and other s])ecies of I^uivillinm. Infection was 
inhibited or prevented at temperatures ajid hiunidities favorable to 
rapid suberization and periderm forjuation. Tt‘m])erature is mor(‘ 
important than humidity in limiting or promoting thes(‘ })roc(^sses. 

To test the efl'ecdiveness oi a suberm and perid(M*jn layer in ])revent- 
ing inlection, an cx])erimejit was run during the storage' season of 
1930 31 w'itii the four gladiolus varieties (4u(‘ago Wliite', Latinia, 
Maiden Blush, and Virginia. From 80 to ISO cojjus of each variety 
wTre w'ounded by (rutting a slice from the side of eacdi conn about 1 
’mill thick and about 1 cm in diajneter. The (‘mans wcje theji stored for 
10 days at 29° C. (relative hiunidity, 97 percent). Half of these 
corms wTre divicled into nine equal lolm and a lot of each variety 
was stored without further treatment at each of the nine combinations 
of temperature and jelative humidity given in table 10. The other 
half of the corms were inoculated by applying spores ot Ff uivillima 
gladioli to the wounded areas with a camers-hair brush. They were 
then divided and stored.in the,same manner as the pr('vious lot. A 
fresh quantity of corms of each variety was ttien similarly wounded. 
One half of these freshly wounded corms w ei e stored without fiii*ther 
treatment along wdtli the cmed corms; the other half were inoculated 
in the same nianner as the cured corms, theo divided and stored at 
the nine combinations of temperature and humidity. Table 10 shows 
the results obtained after 108 days of storage. 

In the inoculated and iminoculat-ed uncured wounded corms of all 
varieties infection occurred at 0° C. and 89 percent relative humidity, 
but none occurred at the two lower relative humidities (80 and 66 
percent). At 4.5° infection in uncured corms was confined to the 
tw^o liighest humidities (94 and 85 percent), none occurring at the 
lower humidity; (75 percent). In Chicago White and Latinia, infec¬ 
tion occurred in both inoculated and uninocuht^ed unciired corms 
at 4.5° at both 85 and 94 percent relative humidity^ No infection 
occurred in uncured uninoculated Maiden Blush at 85 percent nor 
in uncured uninoculated Virginia at 94 percent relative humidity. 
It is evident that low^ering the relative humidity at these temper¬ 
atures limits infection in uncured, freshly wounded corms. 
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Table l().--l7ifluence of fresh loounding and of wounding and curing on infection 
hy Penicilliutn in 4 voriehes of gladiolus after days' storage at different 
temperaHf.res and humidities 

(’OHMS WOrXDED AM) CURED « 


Temperature durinj’ 
storage C" C.) 


10 5. 
10 2- 
10 2 
TjO . 
4 4-. 
4 4-. 
0 2 .. 
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0 
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I 
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0 
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0 { 
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0 
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Inoculated ** [Not inoculated 

infe( 1 ‘■‘^1 ^onfected;’ 


Virmniii 


Inoculated | 


Not inoculated 


Piicenf Mm , Pimui 


decav 

Mm 


Conns ! f’orins (\iriiis | Corms 
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« TJie curing process consisted in storing the wounded conns for a iirelimniary period of 10 days at 29® 
C. (relative humidity, 97 iiercent). 

> 10 corms were stored under each condition of treatment and storage. 

* Infection was at the side of the wound. 
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In contrast to the results reported in tables 8 and 9, some infectioin 
occfirred «t 10® C. in uninocidated uncured conns in the Chi(uigo 
White, Latinia, and Alaiden Blush varieties. Infeciion wa?i greater, 
however, in the inoculated iincured conns. It is possible that the 
presence of infection at 10° in the uninoculated conns may, have 
resulted from increased contamination from inoculated conns. In 
most instances tlfe decay was corked out'- soon after it started. It 
should be stated that a Penicillimn other than P, (jhdioli was also 
isolated from the infected corms. 

(hiring at a temperature of 29° C. and a relative humidity of 97 
percent was effective in limiting infection in both inoculated and 
uninocnlated conns.’ Very little inh^ction occurred in any of tlie 
varieties at any of the storage (‘onditions in either inoculatc'd or unin¬ 
oculated cured corms (table 10). 

EFFECT OF CURING TEMPERATURE ON GERMINATION AND 
FLOWER PRODUCTION 

In order to determine whether a curing process such as was em¬ 
ployed in the foregoing experiment would injure the corms, 10 corms 
of the Maiden Blush variety were stored for 10 days at each of the 
temperatures and relative humidities given in tabl(» 11. These 
corms had been jn’eviously stored at 4.5° (\ fiom November IS, 1929, 
to March 7, 1980. After 10 days in the various conditions of stor¬ 
age, the corms w^re planted (Mar. 17, 1980) on a Ixuicli in a green¬ 
house under uniform conditions. 

These results show' that a wide range of temperatures favorable to 
germination and production of flow'crs might be employed as a treat¬ 
ment preliminary to storage to insun^ healing in woumhal areas. 
This curing process would not only have th(‘ advantage of protecting 
the corms against infection by Petricilliltat (iladioli, but would also 
insure against loss of water incident to unhealed wounded areas 
and conse<]uent shrivtding. 

Tabic 11Influence of U) dajffi* raring of gladiolus connsin the Maiden Blush 
pariciy at different lemperainres and.relatire humidities^ on sprouting and produr- 
tion of Hialks and flowers 

(The conns ha<l beeu stored prcMou.sly h1 4 T)® C fioiii Nov. IS, to Mar IT. 1930] 

Si)rou1iim I Pioducf ujii of plants and Mowers 


Apr. r> Apr, 10 ..-do.-- | 23 j J3 j 67 

« 10 corms were cured at each temperature; they were then planted in a greenhouse Mar 17, 1930. 

J* A wound cork was formed beneath the decayed tissue. 
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Mar, 29 Apr. .5 June 13 

. do Ajir. 2 „do 

do.._ do., , do 

. do--. Apr 7 do ..- 

do. Apr. 10 June 10 

A 1,1* 7 limit 


Plants 

Plants P’Jowers i)roduC' 
produced produced mg flow¬ 
ers 


N^umbrr Number Percent 
23 IS 78 

20 17 '86 

19 13 «8 

19 U 74 

20 14 70 

21 14 06 

•JA on iiv 











Feb 1, 1U34 


Faciors Apectuig (UlndiohiH iv Storage 281 

SUMMARY AND CONCLUSIONS 

At and 10° the loss in weight of eornis of eif^ht gladiolus 

varieties (yVli(‘e Ti])lady, Chicago White, Latinia, Lucette, Ijoiiise, 
Maiden TUush, Virginia, and White Wonder) was found, with few 
exceptions, to increase at three relative humidities at each temper¬ 
ature as the saturation deficit increased. ^ 

(\)ntrarv to what- was expected, the loss in weight at three humidi¬ 
ties at 0° C. was greater in most instances than at three humidifies 
with sijuilar evaporating f)oints at 4 , 0 °. 

AVith the (exception of the Lafinia variety (2 ])ercent s})routing at 
0.2° C. and 77 ])ercent relative humidity and 4 percent rooting at 
0.2° and 03 percent relafive hiunidity), all conns remained dormant 
at ap})roximately 0° C. during 73 to 142 days of storage. There was 
some roofing at 4.3° in the Chicago W hite variety during three seasons 
of storage. Rooting at this temperature was also observed in 
Lucette, Virginia, and White ANbnder, but not in Alice Tiplady, 
Latinia, Louise, or Maiden Blush. Except in one conn of (liicago 
White during one season (1020 30), there was no sprouting in any 
of the varieties at 4,3°. At 10° there was sprouting in Chicago 
White in 2 out of 3 seasons of storage, and in all other variefies except 
Louise, There was rooting at 10° in all otlnw varieties ex(‘e})t Louise. 
This exception niay have been due to the short storage ])eriod (73 
days). In gxuieral, the higher the humidity of the storage^ chamber 
the higher the percentage of roofing and s])routing, af femperatures 
at which rooting and sprouting occurnnl. 

The results of 3 seasons' work (1027 2S, 192K 29, 1929-30) with 
Chicago White, of J season (ni2S 29) with Lucette, and of 1 season. 
(1929 30) with Maiden Blush and Virginia, show’ that held germina- 
fion was. rather uniform in (‘ornis stored at three* humidifies at tem- 
})eratures of 0°, 4.3°, and l1)° C. The extreme's of the range in per¬ 
centage e)f ce)nns ])ro(lucing jdants we*re‘ 77 and 100. Eliminating 
the two lowest j)ercenlages obtaiiu'd (77 in Chicago White from 
e'orms stored af 0 3° and (9) percent re4ative humielity anel S3 in 
Latinia af 0.S° and 04 percent relative humidity), the ewlreme's of the 
range in ])ere*entage's bee'ome SO and 100. With the e'\(*ej)tion of the 
Lucette variety, the* extreune's of the range in the percentage of plants 
])roelucing blooms were 71 and HIO. The le>west pre^duction of blooms 
e)e’curr('d in the lots of (3iie*ago White and Latinia that proeluce'd the 
lowe'st iH'rcentage of plants. Otherwise, the ])roductiou of flowe'rs 
was rather uniform in all \arieties regarelle'ss of the storage eamelitiems. 
Jn contrast with otlier \arieties,Lue^etfe she)we'el a low proeluctieni of 
bloojns. The sjnall size of the conns (grade* 3) may have been resjKm- 
sible for this low yield. However, laitinia, with conns of the same 
size, ^ave a high yield. The storage cemditions emjdoyed in these 
expenments did not seem to affect the yield of plants or the produc¬ 
tion of bloojus. 

In all the varieti^ the total percentage yield of conns was greater 
from conns stored^! 0° than from those stored at 10° V. The greater 
yields in Latinia, Lu(‘ette, and Maiden Blush were not so marked as 
in Chicago AMiite and Virginia. In Chicago W hite (all three seasons) 
and in Virginia, the yields w-ere greater from <‘orms stored at the three 
humiditiQs at 0° than from those stored at the (‘orresponding humidi¬ 
ties at 10°. Jn Chicago AA^iite in two seasons the yields were greater 
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from corms stored at 4.5® than from those stored at 10®. In all other 
varieties, if the results from the three humidities at each temjperature 
are considered, the yields were greater from conns stored at 4^.5® than 
from those stored at 10® (difference in Maiden Blush, 1 percent). 
With the lowering of the storage temperature from 10° to 4.5° to 0®, 
there was a rising'gradient in the yield of conus in Chicago White 
(in 1 out of 3 seasons), Latinia, Maiden Blush, and Virginia. These 
results indicate that storage temperature may have some influence 
on the yield of corms. 

In sound unwounded corms stored at three humidities at each of 
the three temperatures 0®, 4.5®, and 10® C., there was very little 
infection by PeniciWum gladioli in any of the varieties. Most of 
this infection occurred at 0® and 4.5®. 

Ill one lot of Maiden Blush, which previous to storage had been 
subjected to rough handling and bore a superficjal growth of Peril- 
cillium, there was a high percentage of infection under all the con¬ 
ditions of temperature and humidity at which the corms were stored. 
In corms that were wounded at the time they were stored, infection 
by Penicillium occurred at high humidities at 0® and 4.5®, but not 
at 10® C, during the three seasons 1927 2S, 102S 29, and 1929 30, 
when no spores of Penicillium gladioli were introduced into the storage 
chambers. During the s(‘ason of 1930-31, when spores of Penicillium 
gladioli were applied to some of the wounds some infection occurred 
in wounded, umnired corms stored at 10® in the absence of inocuhitiou. 
At 0® and 4,5® it was generally true that the higher the humidity the 
higlu'r was the percentage of infection. The lowest ndativc' humidi¬ 
ties (about 03 to 75 percent at 0® and 4.5®, respectively) f)ractically 
‘eliminated infection, regardless of wounding and iiuxudation. 

A suberin and'periderm layer in woundeMi areas lias been shown to 
be an etrective barrier against infection hybPenicillium gladioli and l)y 
otlier species of Penicillium. In corms of four varieties of gladiolus 
(("Chicago ^^’hitc, Latinia, Maiden Blush, and Virginia), wounded and 
stored for 10 days at a temperature of 29® C. and a relative humidity 
of 97 percent and then stored for lOS days at. 3 humidities at each of 
the 3 temperatures 0®, 4./)®, anti 10®, very little infection occurred in 
any of the varieties under any of the storage conditions. This was 
true even of corms inoculate<i over the wounded surface at the end 
of the curing period before being stored, (^orms wounded and stored 
without being cured showed the usual infection, whether inoculated 
or not, at the temperatures and humidities favorable for infection. 

Data on germination and production of flowers in corms that had 
been stored for 10 days at 12.5®, 15.5®, 17.5®, 22®, 25®, 28.5®, 31®, 
and 37® C. and then planted in a greenhouse indicated that tempera¬ 
tures from 22® to 31® (favorable for suberization and periderm for¬ 
mation) might be employed to prevent infection and loss of moisture 
in unhealed wmunded areas. 
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INTRODUCTION 

PiniUryo and seedling morphology and anatomy in various Grami- 
neae, including wheat (Triticvni ruhfare Vill.^), liave been studied 
intensively for more than 120 years. Jt would seem that homologies 
and other principal features sliould he definitely settled. However, 
<livergent views ])r('sented even in some of the more recent papers 
fh'.aling with the gcuieral subject (Boyd {3)\ Avery (1 ), Ilowarth (2f5), 
Percival (43) emphasize the fact tluit observations have not been 
easily imd certainly analyzed. 

In 1S07, Van Tieghem (6'(?),in presenting a com])]ete revision of his 
first interpretation ])ublished 2o years before, stated that * * * 

malgre les nombreuses recherches dont il a fait Pobjet, c’est encore 
aujourdluii, dans Phistoire de ces plantes, Pun des sujets les plus 
c()ntr()V(‘rses.’’ This statement still applies. 

fluslification for presenting the present study lies in a hope that at 
least th(' observations submitted will help to clarify the situation 
without further confusing it. 

REVIBkW OF LITERATURE • 

The literature of this subject is extensive. It has been well re¬ 
viewed, however, by Van Tieghem (5,9), Bruns (4), Kennedy and 
rc'cently by Avery (/), and it seems unnecessary to present here more 
than a summary of the various conflicting ^iews. Different interpre¬ 
tations of the grass embryo follow: 

(1) The scutellum is the cotyledon, the coleoptile being considered 
the next succeeding leaf, or the first leaf of the plumule, and the epi- 
blast, when present, either of no significance or an appendage of the 
axis, coleorhiza, or scutellum. This view has been held by Mirbel 
(36), Raspail (46), Demoor (12), S<diacht (5/), Heiden (22), Nobbe 

' Received for public'ition Sept 30, 1033; issued April 1934 

2 The writer gratefully acknowledges the helpful suggestions of Or C V. Allen, of the University of Wis¬ 
consin; the assistance in growing ami preparing plant material of .1 W. Taylor and Dr M. N Pope, of the 
Division of Cereal CropvS and Diseases, Bureau of Plant IndiLstry. the help m iihotographing specimens of 
Dr. Ernst Artschwager. Division of Sugar Plants, Bureau of Plant Industry, and M. L S. Foubert, Sec¬ 
tion of Illustrations, Office of Information, an<l the loan of preparations by Dr George S Avery, Jr., of the 
Connecticut College for Women. 

3 According to the rules of botanical nomenclature the name of this si^jcies is Triticvm aesltvum h ; but as 

7’ vulgare is in general use among agronomists and cereal pathologists and geneticists, the writer gives pref¬ 
erence to that form ^ • 

* Reference is made by ru||nber (italic) to Literature Cited, p. 318, 

5 A more detailed review of the literature is filed in ty|»ewTitten form in the hlirary of the U S. Depart¬ 
ment of Agriculture, ifnder the title “ Review of Literature on the Morphology and Homology of the Ura.ss 
Embryo”, by M. A McCall. 

Journal of Agricultural Research, Vol, 48, no. 4 
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Lermer and Holzner (surmise) (3/), and Avery {1), Malpighi 
(35) is usually considered to have interpreted the scutelluni as a seed 
It is difficult to tell, however, whether his phrase, 
wnich is called the flesh of the seed’', refers to the*scutellum or to 
the endosperm and seed coats. Mirbel (37) assumed that Gaertner’s 
{16) ideas conformed to this view, but Gaertner's writings hardly 
justify this conclusion. Those supporting the view’ mentioned above 
consider that the'interval of the axis between the attachment of the 
scutellum and the divergence of the coleoptile (the mesocotyl of maize) 
is internode. 

(2) The scutellum is the cotyledon; the epiblast, when present, is 
a rudimentary cotyledon; and the coleoptile is the third leaf of the 
plant, or the first leaf of the plumule. This view has been held by 
Poiteau (45), A. L. de Jussieu, as reported by Mirbel (37), Mirbel (1^0), 
Turpin (6*3), Kratzrnann (30), Warming {6S/footnote pp, 44f>~44^)> 
Hackel (fO), Bruns (4), Van Tieghem (6*0), Coulter (fO), Weatherw’ax 
(6*4), and Percival (43). Opinion in this group varies as to the posi¬ 
tion of the epiblast. Some consider it opposite the scutellum at tlu^ 
same node. Others consider it as belonging to a second node betwTcui 
the scutellum and the coleoptile. This group also inteiprets the so- 
called mesocotyl as internode. Van Tieghem (60) credited M,al])ighi 
(35) with believing the epiblast to be a rudimentary cotyledon. 
There seems to be nothing, however, in Malpighi’s (35) own state¬ 
ments or in the legends of liis drawings to indicate such an o])inion on 
his part. Mirbel (37) credits De Jussieu with originating this general 
theory, and it is on Mirbel’s statement that he is placed in this group. 
Turpm (6*3), a contemporary of A. h, de Jussieu, Mirlxi, and Poiteau, 
on the other hand states definitely that Poiteau (45) was the first to 
interpret the epiblast as a rudimentary cotyledon. 

(3) The scutellum and the coleoptile together are the (’ofyledon, 
the epiblast, when present, being int(»rpr(4ed as an Hjipendage of the 
axis, scutellum, or coleorhiza. Mirbel (33), Bernhardi (3), Schleiden 
(53), Hofmeister (33), Hanstein (20), Van Tieghem (53), Ekkert (14), 
Hegelmaier (21), Klebs (29), Schlickum (53), Celakovsky (7), Stras- 
burger (57), Tannert (53), Sai^^ant and Aiber (50), Worsdell (6*5), 
Nishimura (41), Sou^ges (56*), ahd Howarth (35) have held this view. 
The coleoptile is variously interpreted as ligular, bistipular, or an ex¬ 
tension of the cotyledonary sheath. The axis interval between 
scutellum and coleoptile attachments is interpreted as nodal, as 
‘^middle” of the cotyledon, hence the mesocotyl of maize. Hegel¬ 
maier (21) credited Gaertner (16) with first suggesting this opinion, 
but beyond a possible implication in the legena of one of liis illus¬ 
trations, the writer has been unable to find (»vidence in Gaertner’s 
writings to confirm this view’. 

(4) The scutellum and the coleoptile together are the cotyledon, 

and the epiblast when present is a rudimentary cotyledon. Ken¬ 
nedy (28), Cannon (6), and Bugnon (5) are exponents of this theory. 
The epiblast apparentlyJs interpreted as a leaf opnosite the scutellum 
at the same node. % 

(5) The view that the coleoptile is the cotyledon and the scutellum 
an outgrowth of the radicle or the axis, held by Richard (47), Adrien 
de Jussieu (37), Lestiboudois (33), Gris (17), Hofmeister (34), and 
Sachs (49), has not been championed in any important survey of the 
,matter in recent years. 
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(6) Boyd (3) held that the scutellum is an evolutionaiy fusing of a 
sucker (as that of Hedyclmim) and a part of the cotyledonary li^ule; 
that thfVepiblast is a fragment of the sheathing base of the cotyledon 
and of a part of the cotyledonary ligule; and that the coleoptile is 
equivalent to the first foliage leaf. 

Thb difficulty of the ])roblem is suggested hy the fact that several 
of tliose who have studied it have held diffc'rent ^views thereon at 
difierent times. Mirbel {36\ 88, 39), Hofmeister (S3, S4) and Van 
Tieghem (59, 60) are examples. Holzner (31) confessed his inability 
to arrive at any definite decision. Wliile some one of the several 
interpretations may luive held temporary advantage in general favor 
at one time or another, none has ever been universally accepted. 

MATERIALS AND METHODS 

Anatomical studies were made on mature wheat embiyos and on 
seedliTigs, beginning with early germination. The material used was 
Triiicum rutyare, varieties Turkey Red ((M. no. and Hard 

Federation (CM. no. 4733). Those varieties differ widely in mor])ho- 
logical and physiological characteristics. Because of these con¬ 
trasts it was hoped tiiat anatomical features might be so emphasized 
in one or the other that observations and interpretation would be 
simplified. The two \arieties do not diifer essentially, however, in 
tlu'ir general anatom}^ and, while there an^ difference's in degree, 
featuies evident in one are ecpially clear in the other. Both vai'ieties 
have been described hy C^lark, Alartin, and Ball (9). 

Karlier studies ^ showed that, when grown un(l(‘r different tempera¬ 
ture conditions, both Turkey and Hard Federation can he consider¬ 
ably modified morphologically. At tem])eratures of Ifi® (\ and 
b(‘low, both develop the crown at a relatively low level, and aU 
sections *of the axis below «the crown are comparatively short. At 
temperat ures of 20° and above, the ])osition of the crown is relatively 
high, and subcrown sections of the axis are corres])ondingly longer. 
This lengthening extends even to ])ortions of the axis that nonually 
show little elongation, as for instance the section betwcaui scutellum 
and coleoptile diveigences. This is ])articulaiiy ])ronouuced in 
Hard Fedcjation plants. 

Jt is apparent that many of the difficulties in interpreting the 
morpholog}^ of the wheat cjnbryo and of the structures arising from 
it are due to the normally cojupressed and restricted longitudinal 
extent of the embryo axis below the plumule and of those sections of 
the plant axis formed directly from this ])art of the embryo axis. 
Any lengthening or extension in this region dui’ing germination 
therefore should be helpful. To obtain as much variation in tliis 
respect as possible, different lots of material of the two varieties 
chosen for study were grown in a controlled-temperature greenhouse 
in sections held at approximately 12°, 16°, 20°, and 24° C\, respec¬ 
tively. A smallei' ciuantity of material also w^is grown in controlled- 
temperature soil t^nks. 

Material for-detailed anatomical studies was harvested at regular 
intervals from early germination, fixed in formal-acetic-alcohol, 
and embedded in paraffin by the usual methods. Sections were cut 

® 0.1 no. refers to Hcimsion number of the Division of Cereal Crops and Diseases 
^Taylor, J. W., and McCall, M. A. thk influence of temi’kkature and other FAtTOKs c»n 
THE morphology OF WHEAT HEKDUNG^,. (Unpublishofi nuiiiuscript.] 
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at 12 m to 18 m, depending on age. It was necessary to soften some of 
the \)ldest material in equal parts of concentrated hydrofluoric acid 
and 70 percent alcohol for 24 hours before embedding it, in order 
to cut satisfactory sections. Flemming^s triple stain was used. 

Drawings were prepared by taking a 5- by 74nch photomicrograph 
of any desired section, making from this an ordinary bromide enlarge¬ 
ment (about 2()0ediameters), inking-in the enlargement with w^ater- 
proof india ink, and bleaching out the photograph with a potassium 
cyanide-iodine solution. This left a black and white line drawing, 
which, after being washed and dried^ was reduced by photographing. 
In inking-in the enlargements all doubtful features were confirmed 
from the original section under the microscope. A similar technic 
has })eon described by Naylor UO). 

The method used by the writer gives illustrations absolutely cor¬ 
rect in proportion, and, if carefully checked, as correct in general 
detail as can })e expected from any system involving the liuman 
factor (drawing ability, interpretation, et(\). The drawings can be 
made large enough so that, w'l)en they are reduced, irregularities 
practically disappear. A very (lecide(i advantage of the method 
lies in the fact that the inking-in jiiay be (lroj)i)ed at any stage and 
tiiken up again even for a very short interval with no sacrifi(‘e in 
ac^curacy or necessity of setting up or of constantly readjusting 
delicate apparatus. Enlargement also may bring out details ov^ei- 
looked when the section was exan)ined under the microscope. 

In making drawing by this technic, care must be exercised in 
using the cyanide-iocune solution, for if it is too strong, the ink as 
well as the photographic image is removed. The cyanide also is a 
•deadly poison and must be thoroughly removed by careful washing. 

OBSERVATIONS 

t o 

OENERAL MORPHOLOGY 

Excellent descriptions of the wheat embryo and of its develop¬ 
mental inorphology during germination and early seedling stages 
are available from several authors. Van Tieghem (^W), IVrcival (.^<7), 
and Avery (i) all give good^ accounts. Features are described here 
only as necessary for identification and later discussion. 

"the embryo lies in the basal portion of the wdieat grain on the 
dorsal side between the endosperm and the seed coat. Its position 
is shown in Plate 1, A, u, b. Externally the embryo consists of (1) 
an axis with a term.inal plumule completely enclosed in a tubular 
cone-shaped sheath, the coleoptilc, w'hich is entirely closed except for 
a vent or slitlike pore in its front face slightly below the tip; (2) a 
terminal primary root enclosed within a cone-shaped root sheath, 
the coleorhiza; (3) an oval, fleshy structure, the scutellum (/6‘), 
attached to one side of the axis and making up most of the bulk of 
the embryo;* and (4), opposite to the scutellum, a small scalelike 
structure, the epiblast. (47). In all well-developed embryos there is 
a pair of opposite lateral lobes on the axis in the |!;«neral region which 
bears the epiblast. These are the outward evidence of the lateral 
seminal roots mentioned hereafter. As the embryo lies in the seed, 
the scutellum is closely appressed to the endosperm, the axis side 
of the embryo facing the seed coat. A viei^ of the embryo from its 
front or axis face is shown in plate 1, B. 
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Figure l - Median sagittal section oi a waeat embryo (Turkey variety): a, ttcuteilum; 6, scutellum trai^e; 
c. <»leoptile; d, first foliage leaf; e, second foliage leaf; /, third foliage leaf, g, growing point; h, cjoleoini.v. 
axillary bud primordium; i, epiblaat;^, procaiublum cross-axis plate, second node; k, first internode; I, ftrsi 
node, transition from root to stem; m, coleorhiza; n, jjriinary r(K)t; o, root cap; p, remain^of suspensor. 
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Fjotire 2"An approximately median faee longitudinal section of a wheat embryo (Turkey variety) 
a, Coleoptile, b, culeoptile bundle, c, proeambmm cross-axis plate, second node, d. root of second lateral 
pair; r, nrst mternode; U procambium cross-avis plate, first node; y, root of first lateral pair, h, primary 
root; i, coleorhlia. X HO. 
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_ S.-~ Approdmately median sagittal seetlons through the lower suhcrowa Mis of Umd deration 

"'oihwtlKiltoVVm^flTw^tertor TOlMp?ne^iutis°M"achraenr/.T^ 

eoleoptUe axil|ary_r.»t; g. ^Wrior coleoptM bimdle f-™ i‘^‘£ta?DlSm of 


Figokk 3 


tillary rtwl; g, anterior coieopme axis auacnmein; uuiiuio x- m vuu»uic 
inclusive); i, vascular anastomosing region of third node;/, bundle Mn;i 
id node; I, scutellum tratje; m, epiblast; n, first node, tran^tipn of root to 


in figs. 6 to 9, 


. k, vascular plate of 

second node; i, scuieiium iracx); m, epioiasi; w, ursi uinj«, trauwwuu w 
with more than normal elongation in this region, grown at 20 C. : a, ^ 

jf-Sf: c, posterior coleoptile axis attachment; d, bundle iP-/r; e, bundle h coleoptile axlllMy-root pri* 
mordium; g, anterior Sileoptlle axis attachment; ft, bundle S-m; i, vascular an^tomosme region of Uiird 
node:/, bundle /-w; ft, vascular plate of second node; /, scutellunUraoe; m, epiblast; w, firstnode X <10. 
Thi.s eeotlon is at a slight angle to the right and in the upper paif6<m not show bundles J-m and i-m. 
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^ 111 the leaf axil at each node there is a bud priinordiuiii, similar to 
that ip the axil of the coleoptile. These bud primordia develop into 
secondary axes or tillers, each similar to the primary axis except that 
its orientation in respect to phyllotaxy, etc., is at 90^ to that of the 
priniary axis. 

As already noted, durini^ the earlier development of the wheat plant 
the culm internodes do not elongate. The closely grouped leaves 
from the crown nodes of the ])rimary axis and of tlie tillers ])roduce a 
tuft or rosette, characteristic of the so-called tillering stag(' in the 
life history of most grassc's. Dupng this stage bud and tiller formation 
are most active. The present study is not (‘oncerned with structures 
Ixyorid this stage. A good description of developmental morphology 
for this and later stages is givx'ii by JVrcival 

The (U'own is imduded in this survey only because of certain posi¬ 
tional and vascular relationships of leaves, roots, and nodes, and 



FiiiruK 4 Holrttive develojiment of Hard Federation wheat peiniinateii at IH" C , by 2-day intervals to 
14 days' a. Dry seed, b, 2 da.vs, r, 4 dajs, d, « days, <, s dav^: f, b) rja\s, </, 12 days, h. 14 days Two 
fifths natural size 


because of the axillary buds and their proph\dls. The prophyll is a 
characteristic sheathing structure enclosing each axillary bud, and 
generally interpreted as its first leaf. It is entirely devoid of blade. 
A bud with its young ])rophyll is shown in plate 1, C. The similarity 
in appearance of th(' prophyll and the coleoptile (pi. 1, li) is evident. 
The anatomical fcxitures of crown and prophyll tliTit beai- on this study 
will be discussed later. 

By the time the first crown node can be identified most of the sub- 
crown structures utilized in the identification of embryo homologies 
are evident. Thf^ exceptions are the adventitious roots which appear 
just above the divergence of the coleoptile some time after the first 
crown node has reached its permanent position. There may be only 
tlfof these roots, or 2, or more rarely 3. Their position varies almost 
tmtii’ely ^tround the axis. The primordia of these roots are not present 
in the embryo, and thej^fore they cannot be properly classed as 
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seminal roots, even though their position so close to the seed and fan 
below the crown might suggest such a designation. As a rule, the 
growth of these roots is relatively slow, and their primordia may be 
present for some time before they are externally discernible, which 
may not be for a month or more after germination begins. In many 
cases they merelr start growth and then make little subsequent 






Figure Cnws .section of the stein axis of wheal seedliags just fielow complete coleoptile diverf«ence: 
A, a 22-ciay-ol(i Hard Federation wheat plant grown at 20* C , showing nwd primordia* a, Kndodermis, 
d and cr, coleoptile bundles; I-w, median bundle of first foliage leaf; i-m, median bundle of secoml foliage 
leaf. X 44. B, a 14-day-old Turkey wheat plant, d and cr, Coleoptile bundles; cW, vascular connections 
of the coleoptile axillasy bud, /-m, median bundle of first foliage leaf; /-//, l-Hl, i-Sf, i-ir, i-Sr, iSr, lateral 
bundles of first foliage leaf; B-m, median bundle of second foliage leaf; B-lt, B-lr, lateral bundles of .second 
foliage leaf. X 44 


development. The primordia of two roots originating just above the 
attachment of the coleoptile are shown in cross section’in figure 5, A. 

There may be a maximum of 6 seminal roots in the wheat embryo. 
However, the primordia of all these are not present in every embry^. 
In many instaiiees the primordium of a root on the front ^ace of tm? 
axis is absent. This was true of the seedling from which figures 5, B, 
to 9^ JB, were drawn. In some cases therejjfnay be a primordium for 
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fcOnly one of the second pair of lateral roots (fig. 2). Assuming that 
there.are 3 roots, which may develop above the point of attachnfent of 
the coleoptile, g maximum of 9 roots may develop under optimum 
conditions in the subcrown region of the wheat plant. This, of course, 
doe§ not apply in cases in which there are several nodes and internodes 
between the seed and the crown. This latter condition, described by 
Percival (^3), is not unusual, but it is not typical. luNor does the usual 








Fioukk 6,—Cross section of the stem axis (same plant as In Ak 6. B)- .1, cross-axis vascular connections 
of region interpreted as third node, just below coleoptile divergence; 0.42 iiini lower than figure 5, B. X 44. 
Designations as in figure 5, B. B, 0.10 tnm below figure fi, A , in region interpreted as internode De.sig- 
nations as in figure 6, /?. X 44. • 

rule apply when adventitious roots develop on the subcrown internode. 
Such a condition is rather rare, however, and when it does occur, the 
joots usually develop in close proximity to a node. Such a root, 
growing from the subcrown internode just under the first crown node, 
IS showit in figure 10, A. The number of subcrown roots that actually 



294 


Joiirrtal of Agricvltural ReHearch 


Vol. 4 ^, no. 4 


appear is variable, usually ranging from 3 up to the potential maxi¬ 
mum of 9. The relation of vascular anatomy to this variability in the 
number of developing roots will be discussed later. 

An enlarged vievr of the basal region of a seedling wheat plant, 
showing the different structures discussed above and their positional 



Fiourk 7 t'ross section of tlie axis (same plant as fig. n, B)' A, O.lfi mm below figure ft, B, in region inter¬ 
preted a.s internode, showing divergence of wileoptile bundles to back of axis, vascular connection lie! ween 
(‘oleoptile bundle.^ and stelar tmndies, top of lifvergence of second pair of lateral seminal roots, and less 
distinct differentiation of .stelar bundles. Designations as in figure 5, B. X 44. /i, 0 1 mm lielow figure 
7, A, in ufiper jiart of second node, showing junction of coleiiptile bundles with scutellum trace, connection 
of coleoptile bundles with stelar bundles, vascular plate of second node, and divergences of second imir 
of lateral seminal roots and their vascular connections. «f, Hcutellum trace, other designations as in 
figure 6, B. X 44 


relationships, is shown in plate 2, (7. The portion of the plant axi^ 
below the point of divergence of the coleoptile represents the direct" 
maturing of embryonic structures. Primary attention will be directed 
to vascular and positional relationships in tljfe region because of their 
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A, logold oat seedling, gro)»n at lf>® C a. Fourth node, crown node, t>, third node, c-oleopiile duergence, c. '>ecoud node, K-utelluni-trace divergence, d, first node, transition 
from root to stem B. Oarriek corn seedling, grown at Ih® C a. Third node, (oleoptile divergence, crown node, 6, second node, scutellum-trace divergence: c. first,node, 
transition from root to stem. C, Turkey wheat seedling, grown at Ifi® C a. Fourth node, crown node, ft, third node, coleoptile divergence, c. second node, scutellum-trate 
divergence, d, epiblast, e, first node, transition from root to stem, f, primary root The upper black line on the face of the seedling marks coleoptile divergence and the third 
node, and the lower black line the tran'^ition from root to stem or the first node, Thi" regum of the axis develops by the direct maturing of embryo tissues All X 2*2. 
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betiriu^ on (embryo interpret a lion. The position of this region is de¬ 
fined also in plate 2, (\ 

DETAILED ANATOMY 

A median sagittal section of an embryo from a mature wheat seed 
is shown in figure 1. Tlie ]>ositional relations of axis, seutellum, 




Fu.rRi!. 8. -- (Voss vM'ction of thp tixis (.suine plant as lip A, li) 1,0 11 nun below finuro 7, li, in low vr part of 
soeond node, show iiig nodal vascular plate, top of arch in sculclluin trace, and indications that separation 
of the second pair of lateral seminal roots from the central stele occurred above t his lev el «p, Nodal plate: 
«f, seutellum trace, other designations us in figure A, li X 44 H, 0 144 mm below' figure S, ^l, in the 
first internode, showing central pith, iiresence of seutellum trace inj-he stele, complete separat ion of sei^ond 
jiair of lateral seminal roots from stele, and first indication of vascular connections of first pan of lateral 
seminal roots Designations as in figure A, li X 44, 


* 

radicle, plumule, and epiblast are plain. This section bisects longi¬ 
tudinally certain vascular-bundle primordia, the long narrow procam- 
Ibial cells of which (fig. 1, /) (*an be differentiated from surrounding 
corticaland pith ])arenchyma. The jirocamlhum, being meristematic, 
takes and retains the sefranin stain more than parenchyma, a fact 
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which also makes it easy to trace the vascular primordia in a well- 
stainad section. " 

In the central procainbial system, between the root and ‘stem 
portions of the (unbryo, a section of the procambiunf extends trans¬ 
versely across the axis (fig. 1, /). That this procainbial tissue 




FifiiTRK 9. section of the aMs (same j)laiit as fig. ft, B), .1, 0.20 nim below figure H, li, in first node, 

showing epjblast, (jomplele setiaralioii from .stele of first pair of lateral seminal roots, and origins of bundles 
i-m, J-2(, and I-Sr in first node r, Epibla.st; ew, endodermis; other designations as in figures 5, H X 44. 
B, 0 144 mm below figure 9, .1, showing connecitions of bundles f-m, 1-21, and l-2r with primar> rcMit, and 
hair on eplblast. e, Ei)iblast,*r«, endoiiermis; h, hairs; other designations as in figure 5, H. X 44, 

separates root and stem is evident. This structure later is inter¬ 
preted as the first node <jf the young plant. 

Extending upward from the cross-axis procambium on the anterior 
side of the central cylinder is a prominent procaalbial strand that 
centers in the well-developed primordium of the first foliage leaf of 
the plumule (fig. 1, d). Similarly, extending upward from the cross¬ 
axis structure in the posterior part of the central axis is a procambiaf 
strapd which, after remaining in the central cylinder for •a short 
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space, diverges outward and into the upper portion of the scutelluni 
(fig. 1,6). 

Slightly above the point at which the scuielluiu strand diverges 
from tlie contra! rylindor, a small, narrow procumbial strand (fig. ], j) 
extends part way across the axis from front to back. It connects with 
the back part of the central cylinder but not with the front. A 
]>rocambial strand extends upward from this cross strand in the back 
portion of the central cylinder, ultimately passing in^.) the primodium 


of the second foliage leaf 
of the plumule. This 
second cross-axis procam- 
bial structure is iicre- 
after inter])rctcd as the 
second node of the young 
plant. 

The cross-axis structure 
just above the divergence 
of the sculellum trace has 
not heretofore been 
thought of as a nodal plate. 
Lermer^and llolzner 
show it m th(‘ir dra.wing of 
the l)arley embryo but say 
nothing about it. Sargant 



and Arber (o())y in their 


description of the wheat 
seedly^g, speak of the I’oot 
plate in this region but do 
not suggest that it iiiarks 
the position of a node. 

Between / and j of figures 
I is a section of the axis 
bounded l)y procambial 
elements in Front and back 
and with VNhat appeals to 
be a central jiith parenchy¬ 
ma (fig. 1, k). The pro- 
canibial strand which leads 
to the scmtellum bounds 
this region on its jiosterior 
side, diverging from the 
axis just under the second 
cross-axis ])late. 

A procambial strand 
holding from the back of 
first cross-axis plate 
downward into the radicle 












a 



K 




Fk.I'rk jo --1. serlion of the Miherown internoMe of a 
M-day-old Turkey N^heat plant ju‘'t under the crown node, 
fshowmp an adventitious root X 44 U. A lonjiituduial 
section through the first t\No nodes •( tlu* crown in a M-day- 
old Hard Federation wheat plant, showins l-np and 
vascular anastonlosiup nodal plates, leaf-trace divergences, ar, 
root priniordia, ainl tn, internomvs X 32 

can be identified. In a stained section 


the procambium is as easily identified in the wjot as in the stem axis. 
Identification is not easy without the stain, however, since the shape 
of the cells of the%ot procambium is not sharply different from that 
of the surrounding tissues. There are commonly an odd number 
(^venor more of each) of alternating xylem and phloem strands in the 
young root, the xylem being the more projiiinent. A median sagittal 
section of an embryo, such as the one represented in figure 1, bisects 
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but one procambial element in the root, which will mature into 
xylem (posterior side, fig. 1, /). The opposite procambial elemenc, 
which will mature into phloem, is lesws clearly marked by the form of 
its cells. 

An approximately median longitudinal section through an embryo 
parallel to its face is shown in figure 2. As is evident from an inspec¬ 
tion of figure 1, the orientation of the root and plumule makes it 
impossible to cuL'^both medianly in the same face section. The section 
shown in figure 2 is essentially median for the axis proper, although 
not so for the plumule and not quite so for the primaiy root. The 
part of the embryo axis here shown is between the vascular bundles, 
and the procambium, which will develop into cross-connecting vascu¬ 
lar tissue, is not characterized by long, slender cells as is the prP- 
cambium leading up front and back from / in figure 1. It is evidently 
different, however, from the surrounding pith and cfjrtex parenchyma, 
and, particularly in a stained section, it can be identified very readily. 
The two jrrocambial cross-axis structures (fig. 2, /, r) corresponding 
respectively to those shown in figure 1, /, j\ are not clear-cut in this 
view, but they can be identified. The lateral seminal roots, only one 
of the secoml pair being present (fig. 2, r/), plainly originate at or 
above the procambial plate to which each root belongs. 

The lower stem axis region of fhe embryo (dianges very little in 
germination except as its procambium and parenchyma mature into 
the different tissues of the older plant. Kssentia-l features and rela¬ 
tionships for this lower region can be fairly well established, even 
from the limited survey already presented. However, the structure 
above the second cross-axis plate can be more easily traced, after 
.germination and after the development of vascular and other tissues 
not even suggest^ed in the procambium, etc., of the embryo. This 
is true especially if there is more than the usual amount of (dongation 
betw^een the second cross-axis plate and the divergence of the cole- 
op tile. 

Approximately median sagittal sections t hrough the lowe^' axis j*egion 
of two 14-day-old plants from just above the divergence of the cole- 
optile down to and including Jhe transition from root to stem are 
shown in figure 3, A and B. The usual amount of elongation in this 
region is show.n in ^1, while much more than the usual amount is 
shown in B. Neither is exactly median, since, even with extreme 
care it is very difficult so to place a. seed that this portion of the axis 
in the young plant gi;owing from it will be erect and straight. The 
essential items, however, are shown in both illustrations. 

The contrast in elongation between the two plants represented 
by figure 3, A {ind i?, snows what may be brought out by growing 
material under different conditions. In the specimen illustrated in 
figure 3, B, the diskince from the under side of the second cross-axis 
structure (fig. 3, B, k) to the attachment of the coleoptile at the from 
of the axis (fig, 3, B, g) is 1.26 mm. In the specimen on which 
figure 3, A, is based, chosen as representative of the usual response 
but actually somewhat greater than usual, the corresponding dis¬ 
tance (fig. 3, -A, k--g) is 0.6 mm. The addednength emphasizes 
vascular structures in this region, although, once recognized, they 
are perfectly obvious also in the less elongated specimens. ^ 

The transition from root to stem (fig. 3, A^ n, and J5, n) is clearly 
" defined. In the embiyo it was not easy to^placo the epiblastMofinitely 
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with reference to other structures, but in both of these specimens it 
is clear tfiat the epiblast, m, is so attached to the «xis as to subtend 
the cross-axis structure between root and stem proper (fig. 3, A, /?, 
and /?, n). The divergence of the scutellum bundle from the central 
axis, as in the embryo, occurs not at the first but at the second cross¬ 
axis structure, divergence beginning just under this se(‘ond plate, k. 
This is clearly shown in figure 3, B, The root diverging from the 
face of the axis (fig. 3, B) has its va,scular connections at and above 
this second plate also. The region b(»tv\een the two cross-axis 
structures (fig. 3, A, n, and By a, k)y with its central pith paren¬ 
chyma, stands out very clearly. The absence of direct connection 
between the second plat(‘ (fig. 3, ^1, ky and /f, /:) and the front of the 
vascular cylinder in the median longitudinal plane is more^ evident 
than in the embryo. 

Above the second cross-axis structure (fig. 3, By k)y following an’ 
interv^ening space, is a third anasiomosing vascular region (fig. 3, 
By i). While that portion of the axis between the second plate and 
(his structure might be interpreted as an elongation of the second 
plate, such a conclusion seems har<lly logical. (h*oss-axis anasto¬ 
mosing structures are characteristic of nodes, and there are no known 
cases of elongation in what may be intei-preted as nodes in other 
regions of the plant in any mend)er of the grass fajuily. Considering 
that, even wnth the elongation shown in figure 3, By the axis is still 
mucli (‘ompj'essed in this region, the separation of these structures is 
as definite as in the nodes and internodes of the crown (fig. 10, B)y 
wdiich latter no one would (juestion. With the evidence of figure 3, 
By as a guid(T,Mhe similarities in figure 3, .1, are not difficult to trat'e. 

It is intei’esting to not<‘ that, in the specimen from which figure 3, 
By was drawn, the separation of the coleoptile from the axis was 0.92 
mm higher on,the scutellum side (fig. 3, />^ c) than on the front 
(fig. 3, By g). The presence of the bud in the axil of the coleoptile on 
the snitellum side of the axis is plain (fig. 3, By a). A root pri- 
mordium on tln\o[)posite side of the axis above the coleoptile diver¬ 
gence also can be seen (fig. 3, By f). 

A description of the vascular anatomy of that part of a 14-day-old 
wheat .seedling from the vascular plate that separates primary root 
and stem to the separation of the coleoptile from the axis, as shown 
in serial cross sections, follows. • 

In the lowest portion of the seedling a.\is individual bundles are 
not differentiated, and without some ])revious hint even the origins 
of bundles that are easily identified higher up in the axis can be traced 
onl;y with difficulty. By proceeding downw’^ard from the upper 
sections, vascular elements can be trace^l and identified more easily. 

A transvei’se section of the plant at a level slightly below^ that at 
which the coleoptile is completely free frojii the axis is showm in 
ligure 5, B, At this level there is no connection betyveen axis and 
scutellum. In the axis there is a central vascular cylinder of 10 
definite bundles with an enclosed central pith. Tfie bundles are all 
collateral with internal xylem and external phloem. The structure 
is that generally censidered tyi)ically internodal. 

In the central cylinder opposite the scutellum one bundle is larger 
al<d more prominent than the others (fig. 5, B, 1 m). When this 
bundle i@ traced upward it is identified as the median bundle of the 
first foliage leaf. On the opposite side and slightly within the circty 

4?M74 34-2 
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of the outermost bundle ring is a bundle (fig. 5, B, 2-m) that, traced 
upward, proves to be‘the medium bundle of the second foliage leaf. 
A line bisecting these two bundles divides the axis into two equal 
parts and fixes the plane of axial polarity, the plane with reference to 
which the leaves and branches of the main axis are alternately and 
oppositely placed. The longitudinal procambial origins of these 
bundles are shown' in figure 1, and their longitudinal sections are 
shown in figure 3, A and B. 

In addition to the median bundles of the first two foliage leaves the 
vascular cylinder contains six additional bundles in the outer ring 
(fig. 5, B, 1-11, 1-21, l~3l, 1-1 r, l-2r, and ISr), three on either side 
of bundle. I-m. Wlien these bundles are traced upward they prove 
to be lateral bundles of the first foliage leaf. Slightly within the 
outer bundle ring, just as is bundle 2-m, are two other bundles, 2 -11 and 
2- Ir, lying between bundles 1 Ir and 1 -2r and bundles l-ll and 
1-21, respectively. These are the main lateral traces of the second 
foliage leaf, the other laterals of which are derived by the branching 
of these and other bundles. 

On the same side of the axis as bundle 2-jn and just outside the 
central bund)? ring is a group of bundles which, at this stage of 
development, are smaller than the central bundles a«d are somewhat 
indistinctly differentiated (fig. 5, B, cbt). These are the vascular 
connections of the bud which develops in the a.xil of the coleoptile and 
is attached to the axis slightly above the level of this section. 

In sections from this same region in slightly older seedlings adventi¬ 
tious-root primordia are evident (fig. 5, A). Tliese are the roots that 
have been interpreted as a third pair of lateral seminal Foots (43) but 
are not represented by primordia in the embryo (fig. 2). Figure f,, 
A and B, shows that these roots develop only some time after germina¬ 
tion. However, the fact that these roots develop so definitely in this 
position is important in identifying this general section of the axis as a 
node, as will be discussed more fufly later. 

The two coleoptile bundles (fig. 5, B, cl and cr), one on either side, 
are situated slightly toward the posterior or scutellar side of the axis. 
Tlieir upward extension is without particular significance in this con¬ 
sideration other than that they are confined to that part of the coleop¬ 
tile posterior to the vent (pi. 1, B). The possible significance of this 
position of the bundles will be brought out later. 

The coleoptile is almost free from the central axis at the level of 
this section (fig. 5, B). It is still slightly joim^d, however, at the 
posterior or scutellar side. In the seedling, sections of which are 
shown in figures 5, B, to 9, B, the coleoptile was attached to the axis 
0.17 mm higher on the back‘than on the front (on the ^isis of the 
number of interven^ sections \2u thick). Attachment lit the sides 
was lower than at either the front or the back (fig. %, A), tliat on the, 
left side, facing ft’om the scutellum, being 0.36 mm lower, and that on 
the right side 0.56,mm lower than at the back. In five embryos tlie 
posterior attachment of the coleoptile to the axis averaged 0.18 mm 
higher than the anterior attachment. In five scecpiiigs the posterior 
attachment averaged 0.49 mm higher. In the seedlifig, a section of 
which is shown in figure 3, B, as previously noted, the posterior con¬ 
nection was 0.92 mm higher than the front connection. These dif- 
ffrehces, though not universal (fig. 3, A), seem to be typical.' 
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mary root and in the coleoptile, and, as might bo expected, is more 
rapid in ‘the former. As the food moves into the first node it imme¬ 
diately enters a most (efficient cross-axial conducting system, which 
connects with all bundles of the root axis. The c.oleoj)tile, having 
only two bundles and being dependent on diffusion to a greater 
degree, naturally grows somewhat more slowly, in spite of its direct 
(‘onnection with the food supply. 

It has been pointed out that the first ])air of lateral roots are 
associated with the first nodal plate. In common with the primary 
root they are in a position to draw- directly on the labile food supply 
conducted by the scutellum trace into the first node. The advantage 
of this placement is sliown by the fact that this pair of roots emerges 
immediately after the primary root and that they develop in the 
great majority of cases. The growth of tliis pair of lateral roots also 
is almost as rapid as that of tlie primary root, and all three of these 
roots ultimately reach much the same degree of development. 

The second pair of lateral roots, associated with the second node, 
is much less favorably situated with referen(‘e to food stored in the 
endosj)erni. To reach these roots food materials must pass either 
from the first node, wdiere the requirements of the primary root, the 
first pair of latera^roots, and, as will be shown later, the first foliage 
leaf, reduce the total, or througli the relatively smaller connections 
from the coleof)tile bundles into the axis. In the latter case the 
second lateral repots also must compete with such other structures as 
the coleoptile, the axis itself, the plumule, etc. That the amount of 
food material available through these channels is not always adequate 
is shown by tlu' fact that in a large number of (*ases nejtlier memheu’ 
of the^pair develops, while in many others only one grows. When 
this pair of roots does dcA^lop, their slower growth shows tlu' result 
of their less favorable position. 

The direct coniiectiim of the median bundle of the first foliage leaf 
with the first node has*l)een noted. There also is a direct (Connection 
across the first njale from the scutellum trace to this bundle. It is 
a])parent tliat any nutritional advantage favoring the jai)id develop¬ 
ment of this first leaf, the first synthesizing organ of the young plant, 
is advantageous. The vascular structure insures this bundle a favor¬ 
able connection Imth with labile foixl materials from the endos])erm 
and with soil nutrients. The sharp sc'.paration of the jiKnlmn bundle 
from the second node, with such insurance as this may givV^that no 
food material shall be diverted from the young leaf at this fev^el, is 
also undoubtedly significant. In the evolutionary sequence variants 
possessing this characteristic would seem to have a greater survival 
])otential than others possessing a stvucftue allowing for greater 
diversion. 

^ The connection of the second leaf and of the growing point with 
the endosperm food supply through axial connections with the 
coleoptile bundles is also significant. Tliat these structures are able 
to divert a considerable part of the food maferials (^mveyed through 
this channel is indicated by the relatively poor developnuuit of the 
second pair of larteri^ roots in so many cases. 

^ It is a suggestive fact that the sixth seminal root, located at the 
second node on the front face of the axis, develops less frequently 
than the^othei-s, and then usually later and less vigorously. Nutrij: 
tional supplies for this root during the germination periuci are very 
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evidently less abundant than those for the others. While this root 
is directly connected With the median bundle of the first foliage leaf 
(fig, 3, B)y its later development suggests that the upward nutritional 
stream from stored sources is not extensively diverted to tins root, 
but rather that its growth is chiefly dependent on material syn- 
thesi2s®d later by the first leaf. 

Taylor and McCall® have shown that in seedlings grown at high 
temperatures, when growth and use of endosperm food supplies both 
are rapid, the bud in the axil of the coleoptile fails to develop. At 
low temperatures, when growth is slow, this bud develops in a large 
percentage of cases. It is very evident that the development of this 
bud is dependent on the availability of stored food su])plies. As noted 
in figure 5, By the vawsciilar connections of this bud originate from 
bundles "2-7ny 1-Sly and t~ 3r. The conne<*tions of the coleoptile 
•bundles with the stele (fig. 8, A) make rather slight union with the 
vascular coiuplox from wliich these bundles originate. When 
respiration and growth arc relatively slow, as at lower temperatures, 
the stored food is naturally used more slowly, and there is a transfer 
and secondary storage of food materials in the cortex of the seadling 
itself. Wlu%’ this condition exists food materials reach bundles 
2-7ny l-Slj and 1-Sr in such quantity as to induce^the development 
and growth of vascular connections foi* the coleoptile l)ud. With 
more rapid use of stored food the <*onnection is so inadecpiate that 
there is an insufFicient supply of food materials rea(‘hing tlu>se bundles. 
Consequently, the vascular connections for the colei)ptile bud are 
very poorly developed. This is true to such an extent that, even 
a^ter the crown leaves have grown to a j)()int at wUi(*h th(\v are 
synthesizing excess food materials, these materials cannot be utilized 
by the coleoptile bud because of inademiale primary. vascidaF con¬ 
nections. The presence or absence of aae(|uate vascplar connections 
is apparently the factor that finally determines the development of 
this bud. 

» The subcrown root system of the wh(»at plant do^es not ordinarily 
play so largo a part in the later life of the ])lant as doC^tlfe^ crown-root 
system, nevertlieless it does play 4 in important role. As previously 
noted {SS), under certain aria conditions crown roots fail to develop. 
The subcrown system in such cases is capable of cflrrying the plant 
through ^ life cycle to complete maturity. Tl»?^dant does not tiller 
to any eiKenK. under these circumstances, and in many instances only 
the ntJin evAm develops fully. The main culm, in all but size, is 
enfirely normal, however, except for a tendency to lodge because of 
the absence of the usual anchoring supplied by the crown roots. The 
coqncction of the bun^lotXof the primary axis with the primary and 
lateral roots is,^irect,^j^and, despite the restricted extent of these 
roots and the Unaited cross section of the subcrown axis, the end 
result demonj^atbs that roots and axis together are a highly efficient 
absorbing ana conveyi^ system. The observations of Simmonds 
and Sallans (S4T and Todaro {61) emphasize the importance and 
efficiency of this system. • ^ 

DISCU^ON 

A fact advanced as a principal imson for intorureting the coleoptilcv 
as an extension of the ligule (7), t» leaf of which the scutellum is the 
blades? or of the sheath (i) of this leaf, is its direct vascular connection 

McCUti., M, A, See Coottwie 7. 
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(<) the Bcutcllum trace. Several items of evidejictKfail to support 
such a view. Pereival US) notes 44iat, in wheat, for example,* the 
ligules and auricles are without vascuUr elements. The proof offered 
that even in wheat there is an internode intervening between scutellum 
and coleoptilo divergence suffices to discredit such an interpretation. 
The supplementary bundles of Tritwjm duoccum, which do not con¬ 
nect with the scutellum trace, completely •clinch the case. If these 
supplementary bundles were really part of a leaf of whi(*h the scutellum 
is anotlnu* part, they sliould originate below the second node and 
should diverge from the axis at the same general level as the scutellum 
trace. Actually, these bundles div^c'rge above the second node 
(fig. 12), thus proving conclusively that the coleoptilo is not a part 
of the scutellum. Penuval also interprets theses bundles as prov¬ 
ing fli(' se])arate idiuitity of the coleoj)tile, but he bases his o]>inion on 
other reasons than the divcugiuice of the Imndles above the node of 
s(‘nt:<dluin-t ra<*(» divergc^nce. 

Dilferences in tlic locali<»n <»f inttucalarv growth in \"an Tieghem’s 
{n9) (hr(*e embryo typ(\s, whicii have l)(*(*n point(*d out, seem to be 
strong conlirmatorv (evidence' in support of the inlerpretiition of 
(unbryo structiin' jmd homologies herein i)resented. In the (Jrami- 
nciie, in all ])or(ions of the plant above the embiyo, intercalary growth 
occurs only in th(‘ internodes. There is no reason to expect this 
(‘ondition to be materially modified in the embiyo. The intercalary 
grow'tli that occurs in Arena^ below the divergence of the scutellum 
tra,(*e from the axis, in itself indicates that the portion of the axis 
below this divergence is internod(‘. Similarly, the intercalary growth 
normally occurring in Zea between scutellum and coleoptile divergence 
argues that this section likewise is internode and not an elongation of 
the n()d<' of scutellum div(‘rgence, as maintained by Worsdell (6*5), 
llowaith {'25), and others. The latter reasoning also applies to 
TrHkitm. If lhes(» sections of the axis showing intercalary growth 
ar(» internodes, then scutellum divergence must be from the second 
node and <*oleoptile divergence from the third node. 

The theory of Sargant and Arber (50) that th(' inesot‘otyl rejm^sents 
an (evolutionary fusion of the stalk of the scutellum with the hypo(*otyl 
of a hypothetical epigeous ancestor does not seem to be in accord with 
the facts. These authors evidently confused by the stru<‘ture 
in Arena, the explanation of which has been given above. So far 
as vascular connections, etc., are concerned, there are no fundamental 
differences between Arena, Zea, and Tritivvm. The essential dif- 
f('ren(‘(* between the three gemera is in the location of important 
int('rcalary growth in one or another of the three lower iiiternodes. 
There is certainly nothing in the structural dc^velopment of Triticvin 
or of Zea to support tli(» fusiem hypothesis, nor is th(»re any necessity 
for so interpreting that of Arena. 

A theory recently has been advanced by Boyd (3) to the effect that 
the scutellum of the grasses represents the evolutionary fusion of 
a sucker, such as that of Hedych'iurrijViith parteff a sheathing cotyledon, 
the latter, in effect, appressed over the face of the former. The 
anatomical evidence submitted in the foregoing pages does not require 
sm*h a (complicated tlieory to explain the case. The vascular connec- 
tmns of the scutellum diverge from the axis at a node, exactly as do 
those of any other leaf. On the basis of leaf relations in the grasses 
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there is no reasj?n to consider the scxitcllum as anything other than a 
leaf? It seems unnecessary to develop a theory involving anything 
more complicated than modification of a leai to account for the 
facts. 

Boyd (S) has called attention to the fact that the term '‘mesocotyl” 
is misleading, implying, as it does, location in the ''middle/' of the 
cotyledon. In maize the so-called mesocotyl is actually epicotyl, 
as it is in wheat when it de'^elops. In oats, on the other hand, what 
is called the mesocotyl is actually hypocotyl. Even thougli the 
term be incorrect, some might consider its continuation desirable 
because of its wide usage. However, no argument can make it seem 
logical or useful to use an incorrect term synonymously for two entirely 
different structures. It would seem better to abandon the term 
entirely and to designate correctly that part of the maize axis herc'- 
tofore called mesocotyl as epicotyl, and that part in oats called 
mesocotyl as hypocotyl. 

Failure to recognize that the scutellum diverges from the second 
rather than from the first node has been responsible for much con¬ 
fusion in interpreting the grass embrx'o. It has been responsible* 
for the opinion that the (‘piblast is a rudimentarv h*af diverging from 
a second node. It was undoubtedly responsible for the sxiggestion 
of so sound an obs<*rver as Percival \43) that the seminal root on the 
face of the second node represents a former bud in the axil of the 
epiblast. Actually, this root is only a third root at the second nod(*, 
such a root very commonly occurring op]K)site the m(*(lian imint of the 
subtending loat at any node. 

In interpreting the grass embryo there has been a tendency to 
confuse the issue in some degree at least through overeiuphasis of 
evolutionary relationships, llall the facts were available, recopiized, 
and properly iiiierpreted, the evolutionaiy setpience would un¬ 
doubtedly tell the complete stoIy^ Yet, without all the facts, the over- 
stressing of evolution has led some at least to overlook the significance 
of anatomical features that are present and to think of the grass 
embryo as much more modified in its stria‘ture and parts than is 
actually the case. ^ 

In all ([uestions of interpretation it seems logical to expect that 
the simplest explanation, in line with known laws, that fits the 
observed facts is most likely to be correct. Theories that involve 
structures or development not usual or readily discernible in the 
family under consideration are veiy likely to be questionable. 

SUMMARY 

A study of the crown and upper portions of Triticum inihjare shows 
a definite positional and vascular relationsliip between nodal vascular 

E late, leaf and Ijeaf-traco divergence, and root and axillary-bud origins. 

eaves diverge from the axis at the nodes, l^c^af traces originate 
from some node in the axis below the node from which divergence 
occurs, and divergence begins below the nodal plate. Roots originate 
at the nodes above leaf divergences, and their piincipal vascular con¬ 
nection is above the nodal plate. Axillary buds originate at the nodes 
in the leaf axils, also well above the nodal plate. Similar relatiops 
prevail in the embryo. 

The cross-axis procambial plate separating primary root and stem 
1^. the embryo is the first node of the young plant. Associated with 
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tliis node are roots and the divergence of the epiblast. Be<'ause of its 
association with a node and witli .root origins and its alternate dis¬ 
tichous position with reference to the.iu^xt succeeding leaf, the epiblast 
is interpreted as a vestigial leaf. It is without vascular connection 
because of its position at the first node, below whicJi is root tissue, in 
which leaf tra(*es do not originate. 

Jinniediately above the first node is a short internode with enclosing 
procambial cylinder and central pith pai*en(*hyina. Terminating this 
internode is a cross-axis i>rocambial plate, the second node of the 
embryo. Immediately under this nodal plate the scutellum trace 
begins to diverge from the axis. Roots take origin above the nodal 
jilate. Because of its association wdth nodal ])late and root origin, 
and the divergence of its trace from the axis below Ww nodal plate, 
as with any otluu* leaf, the scutellum is interpreted as a leaf, the 
functional cotyledon, divergent from the second node. 

Above th(‘ second node is a se(*ond internode termintited by a third 
<*ross-axis vascular striictiin'. Associated with this structure are the 
divergence of the coleo])tile, and root and axillary-bud origins above 
the coleoptilc divergence. This region is, therefore, interpreted as 
the third node of the young plant, and the coleoptilc as a third leaf. 
Ih'cause of its similarity to the propbylls in function, position with 
reference to a plumide, outward a])pearan(‘e, and vascular anatomy 
and connections, the coleoptile also is inttupreted as the homologue 
of the prophyll. 

The higher attachment of the coleoptile on that side of the axis 
toward the scutellum, the vascular relationshi])s of the coleoptile in 
Trlticum ndgare and T. dicoewm, and Hanstein’s observatiims on the 
origin of the coleoptile in lirachypodiutK as two opposite projections 
that later merge into the coleoptile ring, suggest that the coleoptile 
may represent the evolutionary equivalent of two leavers. In such a 
case th(' tliird node would represent two nodes. If correct, till's 
explains the position of the bud in the axil of the coleoptile on the 
same side of the axis as the scutellum, when the phyllotaxy of the 
(ilramineae would seem to require it to be on the o])posite side. The 
evi(h‘nce in sui)port of this hypothesis is considered only suggestive. 

The structure of Van Tieghem’s three types of grass embiyos as 
exem])lified by Aveua, Zea, and Tritkum ajc interpre.ted as being 
fundamentally similar. In all three the scutellum divei*ges from the 
second node and the coleoptile from the third node. The difference 
between the three lies in the internode location of important ifSter- 
calary growth during seedling development. In . \rem this important 
growth occuu-s in the first internode, in Zea in the second internode, 
and in Triticum in the third internode. The location of intercalary 
growth in these three embiyo types is considered in itself as identify¬ 
ing the internodes and confirming the interpretation of the embryo 
herein presented. 

Embryo and seedling anatomy in the Gramineae does not justify 
the term ‘^mesocotyl.’^ The structure calle^l mesocotyl in Arena is 
hypocotyl, while that called mesocotyl in Zea is cpicotyl. The term 
‘^mesocotyr^ should be abandoned and the correct terms used instead. 

. Seedling morphology and developmental sequence are determined 
in large part by vascular anatomy. The primary root, the coleoptile 
and plumule, and the first foliage leaf are most favorably situated* 
from a vascular standpoint to use food material stored in the endo- 
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sperm. The firsl? pair of lateral seminal roots also is favorably sit¬ 
uated, while the second Literal pak of seminal roots, the face seminal 
root, and the coleoptile axillary, bud are each successively less well 
situated to use food materials stored in the endosperm. 

The primary root system, because of its direct connection with the 
primary axis, is m'ost effective in absorbing soil nutrients and con¬ 
ducting them to tlie crown of the plant. Unless destroyed by disease 
or in some other waj’^, the roots* of tliis system, the seminal roots, 
remain functional during the life of the plant. 
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SELF-FERTILIZATION IN SUGAR BEETS AS INFLUENCED 
BY TYPE OF ISOLATOR AND OTHER FACTORS > * 


By H. K. Bkkwbakeh ‘ 

Ai^sonaU' Dtnstori of Suyar Plant Jnnesi‘igatwnf<, Burrnn of Plant 

Imlusfrff, Ptnivd Statm Departmeni <f Aifricnlturv 

INTRODUCTION 

Solf-f(‘rtilizBti()n in sii^ar beets (Beta mhjaris L.) htis been eojnnionly 
obtairn'd in brecalinir work by “space isolation'’ of the plants in 
<>:ar(lens and fields. Work of this type has been <‘arried on by inves- 
tipitors in th(‘ Division of Sugar Plant Investigations, and lines of 
sugar-beets with records of having been inbred for eiglit generations 
are now availabl(‘. As a means of avoiding off-pollination, it has been 
the practic e since 1 f)29 to have a space of at h^ast one city block separat¬ 
ing all plantings. 

Certain difli(*ulties arc' inh(»rent in the spa(‘e-isolation inethod of 
Sidling sugar beets. Uidess eacdi location is visited frequently for 
purpos(*s of cultivation, irrigation, and general care of the isolated 
luothcu* beets, the losses become (*onsiderable. Siudi frequent visits 
ar(» costly, however, and (wen with the best of care there is always 
sonu' loss due to depredation by j)oultr}% dt»gs, and other trespavssers. 
Cnless the irrigation is favorable, the viability of the seed produced 
may la* aff(*(*t(‘(l, as shown by Overpeck and Elcock (P),^ who found 
a din'ct and positive* correlation between irrigations at 1-, 2-, and 3- 
week intervals and the* percentage of germination. IVrhaps the most 
important drawbacdv inherc'iit in space isolation is tin* danger from 
cross-f(*rtilization with chard and red beets which have* overwintered 
in gardens with sugar b(*ets in commercial seed fields, or with iso¬ 
lated plantings of sugar beets retained for breeding purposes. 

In addition to these difliculti(*s, in using the isolation method one 
is limited by the la(‘k of suitable locations available. In the work 
conducted by the writer’s colleagues, at Fort Collins, Colo., and 
vicinity, it w^as necessary to use 400 to 500 locations as far as 15 miles 
from the station in order to obtain isolated plantings. 

In order to facilitate breeding experiments by the procedure that 
involv(*s sele(*ti()n in self-fertilized lines, it is exceedingly important 
to develop some method other than isolation In^ space, w hereby selfcd 
seed in suHici(*nt ([uantitics for breeding work may be produced."^ho 
studies report(*d herein w’cre planned to determine some of the physio¬ 
logical factoj*s affecting seed setting and the (omparative value of 
different types of bags or cages as isolation agents. 

> Kec<*iv#»d for publication Auc 25. 193.3, Kssued April 1934 C-oulnbution from the Division of Sugnr 
Plant Invftstigatioas, Bureau of Plant Industry, U S Department of Agriculture, and the Colorado Agri¬ 
cultural KxperimtMit Station. 

* The writer wishes toexiiress his apprecial ion of the suggestions and criticisms given by A W Skuderna, 
principal agronomist, and (1 11, Coons, principal pathologist, Division of Sugar Plant Investigations, 
during the progress of thi.s work and in counecfion witli the preparation of tiie Tiiaiiuscript. 
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REVIEW OF LITERATURE 

# 

Shaw {11) found that the beet flower is self-sterile if its pollen is 
saved and pollination made later when the stigma is receptive, but 
that there is no sterility between flowers on the same plant. The 
flower has been considered protandrous and for that reason the indi¬ 
vidual flower is ordinarily not selfed. Artschwager (S) has found, 
however, that, in rare cases, the aliedding of the pollen and the opening 
of the stigmatic lobes may ocxmr simultaneouslv. Wind and insects 
are considered to be responsible for the transfer of pollen between 
flowers, 

Sliaw (11) and Arts(diwager (3) coowsider thrips to be the most active 
pollenizers. 

Keed {10) obtained a verj^ small amount of seed from beets wliich 
flowered in isolation, but when the plants were covered loosely with 
a bag which allowed insects to entcu*, good seed setting w'as obtained. 

Nilsson {8) worked out a relatively easy and effective method for 
selfing sugar beets and mangels. A parchment bag about .5 by lo 
inches in size was used. In order to obtain more even ripening, the 
ends of single branches were cut off. Any low^er flowers tliat w^ere 
already open w ere removed and a single branch was then encloscal 
in each bag. A piece of cotton w^as wrapped around the stem and 
the bag tied around the cotton; the upper end of the bag was lield 
out by a little stick fastened to the corners; and both the stictk and 
the lower end of the bag were then tied to a baml>oo stake. (loo(l 
results were obtained when this method was used. The first isola¬ 
tions were made in 1916. Of 168 plants selfed in that year, ea(‘h of 
w hich yielded sufficient seed to obtain a progeny tc^st, 47 to 49 p(T(‘ent 
produced what a})peared to be homozygous progeny. 

Vilmorin {13) reported the production of sugar-beet seed on mother 
beets isolated within cloth cages. Tlie cages were shaken each day 
to assist pollination. Archiniovitch (^) used (‘otton-(doth cages with 
glass windows to cover entire plants in isolation in comparison witli 
vegetable-parchment wrappings on single branches, and obtain(Ml 
better results with the cages. The studies were reported for a 5-year 
period, and essentially the same results were obtained for each of 
tfie last 4 years when comparisons were available. Some evidence 
was obtained wrhich indicated that the ability of a plant or of individual 
isolated branches to set seed when isolated under a cage was hereditary 
in mjtnTQ. 

Stewart and Tingey {12) reported results obtained in 1926 from 
experiments in which they used from 5 to 10 grocery bags of 2-pound 
size on each of about 75 plants. In some cases single branches were 
enclosed in a single bag and in other cases several branches w^ere so 
enclosed. Cotton‘was not wrapped about the stems in these tests, 
btriking differences were observed between plants, with respect to 
their ability to set seed. 

Down and La vis (5) j*eported that the space-isolation method was 
effective for practical breeding at East Lansing, Mich., and their tests 
in which vegetable-parchment bags were used on about 30 plants 
resulted in a total failure to obtain seed. They concluded that this 
failum may have been due to the very high temperatures that pre¬ 
vailed during the pollinating season. 
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METHODS AND EQUIPMENT 

♦ 

For the most part-, mother beets selected from commercial varieties 
were used for these studies. A few roots were used that had som(‘ 
inbreeding. 

The bags employed for isolation purj>oses were of several kinds, as 
follows: 

(1) Kraft grorory l)aj?K- J2-, 4-, and 2-pound .sizoK. 

(2) Hemp-paper hottoinless bags: 12-, 8-, and 4-pound sizes. 

(3) Vegetai)le-j)arehment bags, large size: Flat bags, approximately .Vj by 17 
ijiches in size, were made by hand from 30-})ound parelmient paper, waterproof 
glue being us(*d for the seams. 

(4) Vegetable-parchment bags, medium size: 40-i)ound parchment, gusset 
style, factory made, 4 by 2}2 by IFU inclu's in size. 

(5) Vegetable-parchmeJit bags, small size: 40-pound parchment, gusset style, 
factory made, 3 by 2 by 9 inches in size. 

((>) Cellophane bags: Similar in size and construction to the larg(‘-siz(‘ parch¬ 
ment l)ag, but made of clear cellopham*. 



PiouKK 1. -Oeueral view of the selftng i»lot where the ditTerenl iyi>es of bags were used 


So far as possible each type and size of bag wtis used on every beet 
j)lant in the test. A general view of the plot Uvsed for the bagging 
studies is shown in figure 1. 

In addition, cloth cages of the type employed by Vilmorin were 
used on some 70 plants. These cages were constructed from a closely 
woven heavy cotton cloth designated by the manufacturer as 37-inch 
width, 2:35 yard extra high count drill. The material was preshrunk 
in a laimdiy before the cages were constructed. Two widths of mate¬ 
rial were sewed toother lengthwise to form a cylindrical cage, the top 
being so cut that it could be closed with four seams, as shown by the 
end view in figure 2. A heavy snap attached to the top of the bag 
w^as snapped to a no. 9 wire fastened to the tops of posts, three cages 
being suspended from the wiie between two posts (fig. 3). Two wire 
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hoops, made of no. 8 wire, the ends of which were spot-welded to¬ 
gether, were used to keep the cage open (fig. 2). They were held in 
place by ^g-inch tape which was sewed at four places, equal distances 
apart, to the inside of the cage. The lower hoop was placed 18 inches 
from the bottom of the cage, while the upper one was placed at the 
point where the top seams began. Two cages were made up with 
C>llo-Glass frbnts. 

The posts and wire were set up before the bagging season. Three 
stakes were driven into the ground at equal distances apart around 
the plant. A galvanized-iron hoop, 12 inches in diameter, was con¬ 
structed from a band of material 4 inches in width, with the upper 
edge turned outward. It was ])laced over the plant and forced into 

the ground an inch or more. The cage 
was very quickly placed in position by 
attaching the snap to the wire, tying the 
three pieces of outside tape to the three 
stakes, and drawing tlie draw-string up 
tightly about the metal hoop. 

In conducting the caging experiment, 
several red beets were included in the 
planting and all the beets left lo flower 
were caged. There was little oppoi'tii- 
nity, under these conditions, for stray pol¬ 
len to be blowui out of one cage and into 
another, and insects appeaiXMl to bo effec¬ 
tively e.xcluded. This plan is similar to 
one used with swectclover by L. E. Kirk, 
at the University of Saskatclunvan, Sas¬ 
katoon, (-anada. 

As a check on the elliciency of the 
methods of excluding foreign pollen, red 
beets were also planted at regular inter¬ 
vals in the plot where the bagging studies 
were conducted. Since any off-pollina- 
tions of sugar beets with red beets result 
ill a red Fi hybrid, it is apparent that 
this method would aflord a test of the 
effectiveness of the method of isolation. 

The branches enclosed in bags were, for 
the most part, the upper portions of the 
primary flowering stalks. About the 
same amount of flow^ering stalk was enclosed in each bag, except in 
the 2-pound size; in the latter it was usually necessary to enclose a 
smaller part of the inflorescence. 

The relative humidity of the air enclosed in the various bags and 
cages was determined by circulating the air through a Selsi preclsiop 
hair hygrometer in a closed circuit. A hand liicycle pump w^as used 
to exhaust the air from the bag and force it over tne hygrometer. 
The screw cap on top of the pump was equipped with airtight packing 
and an outlet copper tube was brazed into this cap. The hygrometer. 
was enclosed in a galvanized-iron box with a glass front that was 
soldered and sealed airtight, except the points of connection. This 
box was connected in the circuit with the pump and bag or cage and 
the air was circulated through the apparatus (fig. 4). Iwenty 



SIDE VIEW 


- SS^/*f /A TOP 


END VIEW 

2 ~ SkeUih showing side view 
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F«U). If), 1934 


SelJ-Fertilizatioa in Sugar BeeU 327 

strokes of the puni]) were used for the set-up with wi(*h t)ag. Th(‘ 
rubber tube (‘oiuieetiou into the hydrometer and out of the pump on 



Fiotrk 3 -Vit*\v of {‘aping plot in whidi irnlividual plants wert* pnciosad in single muslin capes 



Fiuure 4.—Apparatus for deterniinatiun of relative humidity. Jt consistvS of a hand bicycle pump and 
hygrometer connected into a closed circuit with a vegeiable-parchment bag on a sugar-beet plant. 

the return to the bag was then closed with clips and the apparatus 
connected up with the same typo of bag on another plant under the 
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same type of siia^e. The total increase on the hy^i^rometer for the 
two bags was read and recorded. 

After the hygrometer was read it was set aside and not used again 
for 20 minutes or more. After each set a few strokes changed the 
air in the i)ump. Six hygrometers were provided for this purpose 
and Uvsed in rotation, but randomized as to the order. wSix check 
readings on the tiygrometers were taken before starting the (experiment. 


TABLa 1.™ (Viech readings on tScIsi hair hggromrlers 


1 1 vgroiiu’* 
ter no. 


Uea<tinK no 




livproino- 
lor no. 


Uinnlinc no 


1 


1 

2 

3 

4 1 

f. 

1 

0 

.Mean 

1 


3 

4 


0 

iMc'an 


Per* 

Per- 

Per- 

Per- 

Per-i 

Per¬ 

Per¬ 


Per¬ 

Per- 

Per- 

Per-' 

Per¬ 

Pir-\ 

Per¬ 


cent 

cent 

cent 1 

cent 

rent 

cent 

cent 


cent 

cent 

cent 

cent 

cent 

cent 

cent 

1.___ 

4S 

.'52 

04 1 

7U i 

r>r, 

.*51 

00 

4. 

\ 44 

48 

58 

72 

m 

44 1 

54 

2 . . . 

48 ' 

.*50 

0/5 1 

83 i 

Ofi 

r.i 

02 

5. 

1 48 

.54 

02 

72 

02 

18 1 

.58 

. 

48 1 

4-' 

01 1 

73 

05 1 

47 



1 45 

1 

r>8 

77 

00 

47 j 

57 


It will be observed from these (du'ck readings (table 1) tliat hy¬ 
grometer no. 2 a])pears to average slightly higher and no. 4 slightly 
lower than the others, but the diflVrences are fairly consistent for 
the six readings. For this particular comparative purpose, these hair 
hygrometers appear to ])e very j)ractical. The rc'snlts obtained seem 
to be sufficiently accurate for the requirenumts of this experiment. 

In an attempt to obtain readings (ui the temperature of the air 
enclosed in the bag a thermometer (fig. 4) was inserted through 
a rubber cork into the galvanized-iron box containing the hygronuder. 
Readings taken in this manner did not indicate any material dif¬ 
ference between the various bags. A later attem])t to obtain ao 
curate readings by inserting the bulb of a thermometer into the 
bag sbow'ed striking differonc.es betw’een bags. Data foj- the latter 
method only will be presented. It is probal)le that as the air was 
pumped through the apparatus any differem'es in the temperature 
of the air among the different bags wore neutralized l)y the hygrometer 
housing and the jiumj) with its connections. 

EXPERIMENTAL RESULTS 

KELATIVK HIJMIDI'IJV WITHIN BA(5S AND CAtJKS 

The relative humidity readings were takem (table 2) in order to 
compare the different types of bags. For these comparisons, the 
readmes on all bap under a particular type of shade were taken 
astijpapidly as possible, the time consumed for a particular set of 
bags never exceeding 1 hour. In these comparisons there was an 
unavoidable error as the air contained in the small bag was dilutcul 
to a much greater extent by the air contained in the pump and 
connections than w’^as the air in a large bag. The branches con¬ 
tained in the small bap, however, were usually similar in size to 
those enclosed, dn the large bags. 

Table 2 shows that the brown bags, eitlier kraft or hemp, were 
consistently fewer in^ relative humidity than w’^ere the vegetable 
parchment bags. The muslin cage gave results similar to those of 
the brown bags. The cellophane bags are comparable in size to 
the large parchment type, but gave slightly lower average tests' 
for humidity, the difference being of doubtful significance, n ith but 
one exception higher humidity values were obtained in medium and 
small bags constructed of 4()-pound parchment than were obtained 
with the large bags constnicted of 30-pound parchment. 
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When the comparison^ were started. From 25 minutes to I hour was re<juired to complete the readings on 1 series. 
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For the sljadin^ coTui)aTisons (fig. 5) the readings .on a particular 
bag and shade were taken and followed immedtately by readings 
on the same type of liag witliout shade. The data obtained for this 
comparative study are summarized in table 3. 

It was possible to make paired comparisons by Studcnt^s method (!) 
to determine the signifKMUice of the differences between the humidity 
values ol)tained for no shade (check) andVor lath, cheesecloth, or 
tobacco-cloth shading. Table 4 sluxws results obtained for these 
com])arisons, based on Fisher^s T test {()) for significance. Whih‘. 
shading ap[)ears to result in somewhat lower average humidity values 
for each of th(»se comparisons, only tlie mean of the lath versus clieck 



FniniK 0 -View of ]>U>t nsetl for relative-huraidity and temperature determinations. In the foreground 
is the lath shading; in the tiackground, the cheesecloth and tobacco-cloth shading. 


readings for duly 4 and 5 gives a P value less than O.Oo, the ditferemcc 
re(|uired for the o-percent level of significance. 

Table 4. -Paired contparitions of relative humidity values according to SiuaenCs 

method 


Date 


Shade coiiipari.>ons « 


.luly 1 . 

July 5. 


Mean. 

-Check with lath._. 

July 4...i 

July 7-.-. 1 


Alean... 

Check with tobacco cloth. 

luly 6.. 

Clieck with cheesecloth... 



!rBetween0 2 and 0 1 
' Betwwm 1 and .05 


Between 05 and 02 


1 Between .‘A 

and 

.2 

1 Between .2 

and 

.1 

|| Bet ween .1 

and 

.05 

1 Between 1 

and 

05 


« raired comparisons were made by Student’s method (t) to detormme the signiheanoo of the ditterenm 
between the humidity values t>h1nine<l for no shade and for lath, cheesecloth, or tobacco-cloth shading. 


-1 
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TEMPERATURE WITHIN BAGS AND CAGES 

A small hole was made in each bag and the bulb of a thermometer 
inserted inside, the thennome^^r being attached to a bamboo stake. 
A different thermometer was used for each bag. The bags and cages 
were unshaded. Readings were made once eacli hour. A shaded, 
uncovered thermo'meter tois used as a check. The summarized data 
are presented in table 5. ^ 

Table 5. — Temperature readings with the thermometer bulb inside the bag or cage^ 
as compared mth check readings on a shaded uncovered thermometer, July 7, 
19S1 “ 


Tciiii>orftture (®C ) within type of isolator indicated 


Hour «> 


flam 

10 a.m_ 

11 a m.... 

12 a ni . 

1 p m.. - 

2 j) 111 , . 

3 p in. 

4 p m... . 
5pm ... 


Mean tem- 
ricrature.. 


Cheek 


1«.« 
20.0 
20 0 
21 0 
23.0 
20 1 

27 1 
28.1 

28 I 
28, 1 


24.4 


Kraft, bags 

Hemp bags 

Vcgetabie-parchinont 

bags 

(Vllo- 
jihane 
bags 

12- 

poun<l 

4- 

IKiund 

2- 

pound 

12- 

|M>und 

4- 

iwmnd 

T,arge 

Me¬ 

dium 

Small 

27 3 

32 fl 

25. fl 

33 1 

2fl 4 

27 1 

25. 5 

25 4 

Zi 1 

28.8 

30 fl 

27.0 

34.1 

30 fl 

2tl. fl 

27 0 

2G 4 

27 1 

31.8 

30 4 

2fl fl 

:4G.l 

•M) 4 

31 G 

27 5 

2fl W 

28 1 

33 8 

28 fl 

30 n 

35. fl 

28 fl 

32 1 

28 0 

2fl fl 

28 1 

3.5 3 

28 fl 

30 1 

34 fl 

2« fl 

30 1 

27 5 

25 fl 

27 fl 

3.5 3 

28 fl 

28. G 

33 1 

28 4 

2fl 1 

28.5 

2tt. fl 

30 1 

.34.8 

29.0 

mo 

.30 1 

30 4 

28 1 

2fl.0 

28 4 

31 G 

32 8 

30.4 

31 « 

.30.1 

31.4 

27. G i 

30 5 1 

28 4 i 

32. fl 

28.8 

31 4 

31. fl 

.30.1 

32 4 

27 1 

30 5 

2fl 4 

32 fl 

28 3 

30 fl 

.30.6 

30 fl 

3i fl 

28. 1 

' 

31 0 

: 25 fl 

32. fl 

31.7 

30 4 

2fl 7 

.32.8 

30 1 

2fl. 1 

28.5 

2fl. 8 

2fl 4 


Mus¬ 

lin 

case 


23 fl 
25 fl 

27 fl 
2fl 4 
2t» 0 

30 fl 
32 4 
32 4 

31 4 

28 fl 


2« 3 


« All bags were on the same i>lant, and the nmshn cage wa.s on an adlacent plant The bagged plant 
had flowered to the extent of about 75 percent. The values given in the table have been corrected in rela¬ 
tion to a standard, so that they represent actual comparable lemiieratures for the various treatments 
»• Brilliantly clear all day; slight to medium breeze. 


The differences in temperature within the various bags were not 
large. However, the temperatures in all the bags showed some in¬ 
crease over the temperature of the exposed check, and the tempera¬ 
tures within the kraft and hemp bags were higher than those within 
the vegetable-parchment and (Tdlophane bags or the muslin cage. 

SEED SETTING 

Tlie suinmarized data for the bagging and caging studi(»s are 

E rcSAiited in tables 0 and 7. Seed counts were made after the seed 
alls had been cleaned by use of a draper and liand sieves. The 
seed balls appeared to have good germs. 


Table i\.— Percentage of plants setting seed under different types of bags 


Type of plant 


Percentage of plants setting seed in tyjie of bag indicated 


Hebip 

Kraft 

1 

Vegetable parchment 

1 

! . 

C^ello- 

phane 

12- 

I pound 

8- 

pound 

4- 

poiind 

12- 

pound 

4- 

pound 

2- 

pound 

Large 

Medi¬ 

um 

Small 

Couunercial variety.. 

42 

48 

30 

50 

38 

30 

87 

1 H 

7 

17 

Some Inbreeding. 

0 

50 


74 I 

44 

1 

38 

05 

1 

1 15 

1 

6 

0 
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Ta.ble 7 .—Seed netting obtained for all bagged and caged plantn 




Bagged plants 

1 

. 


Caged plants 

♦ - 

Heed tirodiicod per plant 

1 

i 

1 



1 

1 



Conimercml 

variety 

j Home inbreeding 

1 Commercial 

1 variety 

.Some inbreeding 


1 

1 Nu mber 

Percent 

Number 

Percent \ 

Number 

Percent 

Number 

Percent 

None .. 

1 96 

47 5 

Sr 

25 8 1 

i 

11.4 1 

\ 

25,0 

liCss than 30 seeds. 

; 53 

2fi 2 

8 

25 8 i 

i 

27,3 i 

1 

25.0 

KroriJ 30 to 99 seeds _ .. 

25 

12.4 

4 

12.9 

0 

13.6 

0 


100 or more seeds_ j 

28 

13 9 

L ” 

35.5 ! 

21 

47.7 

2 

50. f) 

Total _ .. 

' 202 

100 0 

1 

100.0 

44 

100.0 

4 

100.0 


On c^iininercial varieties, from 30 to 99 seed balls per plant were 
obtained on 12.4 percent of the bagged plants and on 13.0 percent 
of tlie cajjed ])Iants. One hundred or more seed ba^s per plant 
were obtained on 13.9 i)ercent of the ba^^ed plants and on 47.7 ])ercent 
of the caged plants. Some seed balls weie obtained on 02.5 percent 
of all bagged plants and on H8.0 percent of all caged plants. A much 
higher peri'cntage (74.2) of seed setting was obtained on the bagged 
plants that had some inbreeding. This difl‘erenc*e indicates that 
selection in inbred lines tended to isolate material which was geneti¬ 
cally Jnore capable of producing seed through forced self-fertilization. 
It is further supported by the fa(‘t that certain plants in both groups 
appeared to set seed under ditferent types of bags and cages jnuch 
juore freely than others (fig. 6). A similar (‘onclusion was I’eachcd by 
Nilsson ((S'). 

1j) order to prevent the entraiu'e of thri})s or other small insecds 
cotton was used about most of the stems of bramdies enclosed in bags. 
The mouth of the bag was then tied firmly about the (otton. All 
the bags on 19 plants were ])urposely left without cotton. Table 8 
shows a com])aris()n between seed setting following the use of cotton 
about the stcjiis ajid seed setting when cotton was not used. All 
bags on the plants regardless of type were considered in this study. 

Table S.™ Seed netting udth and mthout the use of coWni 


Treat iiicnt 


Witli cotton.... 
W ithout cotton. 


Total 

plants 


j 

I riants setUiijj Fuino seed 


Plants not setting seed 


... ! 

'j 


! _ 

Number 

Number 

Percent 

Number 

172 

80 

47 

92 

19 

7 

37 

i 12 

_ , . _ 

!_ , _ J 


’_ _ 




63 


Of the plants bagrged without ootUm aho\it the stems, 37 j)ercent set 
some seed as contrasted with 47 percent for those bagged with cotton. 
Had insects entered where the cotton was lacking, quite the opposite 
result would have been expected. The fact that a nuirkedly higher 
percentage of seed setting did not result frogi failure to use cotton 
seems to indicate that any insects that might have entered the bag 
w^here cotton was not used did not constitute an effective means of 
pollen distribution between plants under the conditions of this test. 

A germination test and a seedling study were made on the seed balls 
from plants which set upwards of 100 or more seed balls. These 
results are summarized by classes in table 9. 
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The results obtained show fairly well the efficiency of the methods 
used to exclude foreign pollen and limit the pollination among the 
flowers inbred. From a total of 1,350 seed balls, representing 50 
each for 27 bagged plants, 721 seedlings were obtained. Not a single 
plant appeared to be a hybrid with a red beet. Cotton was used 




l louRE 6.-^1, Branch that when covered with a 4-pound hemp-paper bag produced more than 400 good 
seed balls; B, branch that when covered with a cellophane bag produced no seed; C, close-up showing 
seed on plant that produced an excellent crop of seed under a cage; 1), close-up of plant showing wealth of 
inflorescence but practically no seed produced under a cage. » ^ 


about the stalks for all the 27 bagged plants represented. Out of 
269 seedlings obtained from 690 seed balls from 23 caged plants, 2 
seedlings appeared to show all the characteristics of Fi crosses with 
red beets. While these may have been due to foreign pollen carried 
out of one cage and into another by wind or insects, it is believed more 
likely that they resulted from (tross pollination before the cages wore 
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placed in position. The first florets t(3 open arc those situated low on 
the main stalk or in the axils of the ])ran(*hes and are easily overlooked, 
even after v<uy (uircfiil exajnination. • The caj^es were placed in posi¬ 
tion on each plant only a day or two before the opening of the earliest 
flowers on the plant. 

Tatjlk 9.— Nummary of greenhouse germination test on selfed seed 
{Fifty .seed balls each were iise<i from bugged plants an<i 31) each from caged plants] 


Type of isolator 


; Number of plants falling in indicated class based on number of 
! seedlings per 1(N) seed balls 


Hags - 
rages 


1 20 121-40 


41 00,61-80 


81 lOO'lOl 120*121-1 lolui-ltK)! 


1 1*1 


Total 


23 


Mean 

germi¬ 

nation 


Perant 

39.0 

39.0 


'Phe mean i^ermiiiation piMcenta^e was 39.0 for seed from lioth bags 
and cages. vVlxuit TiO ])ercent of tlie plants fell in tdasses ranging from 
41 to 100 seedlings jier 100 seed balls, liy jilanting rather heavily, 
it would be jiossible to (uirrv us breeding mattuial nearly all the progeny 
lines represented in table 9, From the practical standpoint, however, 
assuming poor germination to be possibly lierita]>le, such lines would 
bo discarded. 

Of the several ty))es of bags used in the study (table 6), the large 
vegetable-parchment, bags a])peared to give the best results, and the 
medium and Small i)archment bags proved to be the most unsatis¬ 
factory. The kraft and hemp bags were about equally desirable. 
Of 30 c(41ophanc bags used on 29 plants, seed w'as obtained on 5 
plants, only 2 of which gave more than 5 seed. These 2 yielded 105 
and 120 seed, res])eetively. It is very likely that the.se seed may have 
been the result of ofl'-])ollination, since the glue used did not hold 
satisfactorily on the cellophane bags. At harvest, these bags were 
carefully cliecked and those showing a loose seam were discarded. 
In the f(‘W’ exceptional cases a faulty scam may have escaped notice. 

Under the conditions of this experiment, the differences in tem¬ 
perature and relative humidity of the air contained in the bags and 
cages apj)eared to be of doubtful value in explaining the ditt'erences 
in seed setting. The use of brown bags, both kraft and hemp, rwulted 
in low- humidity and high temperature within the bag, but rather good 
seed setting. The use of parchment and celloi)hane bags resulted in 
comparatively high humidity and low' temperature, and low' seed 
setting, with the exception of the large parchment bags, the use of 
which resulted in the highest seed setting of all the bags tested. 

Cello-Glass, wiiich was veiy easily sewed directly to tlic heavy 
drill cloth, was used in the construction of tw'o cages (fig. 5). The 
plants appeared to pow’ (piite normally innide these cages, just as 
they did m many of the repilar cages. It is doubtful whether the 
use of Cello-Glass windows in the cages w^as of any vahie under the 
conditions of this experiment. Owing to the extreme genetic vari¬ 
ability among the mother beets used for these studies, the seed setting 
on these two plants is of no value in estimating the efficiency of Cello- 
Glass windows for cages. 
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Qne plant was cut back to a single main stalk and a cage was used 
to cover only the stalk. The foliage about the crown was not covered 
and appeared qtiite normal throughout the season. The seed setting 
on this plant was vety poor. 

' DISCUSSION 

In the absence of pertinent genetic data, it may be assumed, for 
theoretical purposes, that the ability to produce seed under conditions 
of forced self-fertilization is hereditary in nature. The data obtained 
in this study tend to support this theory. In ability to produce viable 
seed under bags or a cage, there were striking difl'erences among plants 
obtained from commercial varieties; and the plants with some in- 
breeding were capable of producing more selfed seed than the selections 
from commercial varieties. 

With regafd to seed setting when plants are bagged, the results 
obtained in this study on sugar beets arc very similar to those ob¬ 
tained in studies on rye by Heribert-Nilsson (7) and Brewbaker {4)- 
The conclusion was reached by the latter that the characters of high 
and low self-fertility appear to be heritable and that by selection and 
continued self-pollination highly self-fertile lines can be obtained. 

Assuming also that there are genetic factors conditioning the 
viability of the seed producedj it is to be confidently exjiected that by 
continued selfing and selection in self-fertilized lines the strains 
isolated should become relatively more easy to continue, as the poorer 
seed producers and factors for low viability are discarded. This 
will be all the more true if, as Nilsson {8) found for certain lines, 
appreciable loss in vigor results from inbreeding. 

SUMMARY AND CONCLUSIONS 

A study was made of the relative effect of various factors on seed 
setting in sugar beets under conditions of forcetl self-fertilization. 

Ten different types of bags were used. So far as possible, each type 
of bag was placed on every plapt. A large hand-made bag, about 
5% by 17 inches, constnicted of 30-pound vegetable parchment, gave 
the most promising results, 87 percent of the bags containing some 
seed. The 12-poimd and 8-pound hemp and the 12-pound kraft 
bags contained some seed on 42, 48, and 50 percent, respectively, 
of t^e plants so bagged. The 4-pound hemp and 4-pound and 2- 
pound kraft bags were next in order of promise, while plants enclosed 
m factory-made medium bags and in small-size parchment and cello¬ 
phane bags yielded very poor seed setting. For plants with some 
inbreeding the seed setting was somewhat higher in each case, but 
the comparative values were similar. 

A specially constructed muslin cage was used in an isolated plot, 
all plants in the plot being caged. Of about 44 plants caged, only 
11.4 percent failed to apt seed, the others ranging from poor to prac¬ 
tically perfect seed setting. This difference was, in all probability, 
heremtary in nature. 

Wide differences were obtained in the relative humidity of the air 
exhausted from the different bags. The relative humidity for the 
large parchment bag appears to have been about the same as that 
for the medium and small parchment bags, but was much higher than 



Fob. Ifi, 1934 


Self-Fertilization in Sv^gar Beets 337 

for the brown hemp or kraft bags. The differepoes in this respect 
do not correlate with diflerences obtained in seed setting. 

When the sun was shining, the temperature within the brown bags 
was hight^r than it was within the white bags. There was no corre¬ 
lation in this respect with the differences in seed setting 

Two specially constructed cages having Cello-(ilass fronts wTre 
used in the experiments. In another instance, a plant was entirely 
enclosed in a cage, with the exception of the crown leaves. No 
particular advantage appeared to result from the use of either of 
these special methods. 

The results obtained indicate that some method of isolation in wdiicli 
either bags or cages are \ised may prove entirely })racticable in 
intensive breeding and genetic work with sugar beets. 
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MAIZE CROSSING VALUES IN SECOND-GENERATION 

LINES ‘ 


Hy lioBKUT L; Davis 

Agronomist, Puerto Pico Agricultural Experiment StaiionA 

INTRODUCTIOI^ 

Puoito Rican fanners arc unfainHiar with the use of maize lines 
inbred through juany generations for the production of first-generation 
hybrid seed. The aim of the l)reedmg program of the Federal Agri¬ 
cultural Expernuent Station at Mayaguez has been to test crossing 
values of lines inbred through the relatively short period of 2 or 8 
generations; it was thought that their reasonably good productivity 
would facilitate their use under local conditions. Two methods have 
been devis('d for suc.h tests, line-variety and line-recessive yield trials. 
I'lie hybrids used in the line-recessive yield trials were? produced by 
jxillinating the juore vigorous lines with a line assumed to be recessive 
because of its white kernel color and inferiority in plant size, ear size, 
nnd yii'Id. Tlie (»bje(‘t of the work described in this paper w'as to 
determine w het her increased yields could be secured by outcrossing 
iini's inbred only two generations and wdicthcr the crossing values of 
Ihese lines could be tested by either of the foregoing methods. 


REVIEW OF LITERATURE 


No (lata have been noted in the literature covering the use of the 
line-recessive jnethod. JoTies * reported on line-variety hybrids in 
1921 though not as a method of testing lines. Yield trials with line- 
variety crosses and their suggested use as a basis for elimination in 
selfed lines w eie briefly re{)orted on in January 1929 by the Mayaguez 
Station.* Since that is thought to be the first ])ublishod suggestion of 
the use of this metluKl and in vhnv of the marked interest showm at 
])reseut on lino vaiietios this report is quoted in full as follows: 


Cros.s(*s wen* made between a eoiiiinon open-p()lliuat(‘d variety of native corn 
and 27 lines of corn originating from high-yi(*lding Porto Rican parent ears. Tliese 
lines had onlv been self-pollinated twice, but it was thought that the best lines 
for adflitional sidling eould be determined by comparing the yields of the hybrids 
with th<‘ yields of a eoiumou pollinator. Most of the hybrids were expected to 
i‘(pial aiui a few^ slightly b) exceed in yield the ordinary native corn, which w^as 
used as tlie iK)]len panmt. The results were very encouraging. The average 
yield of the hybrids w'as approximately 20 percent greater than that of the check 
variety or pollen })arent. Taken as a whole, the ears of tht^ hybrids ha«l very 
sound grain, and w(*re much freer from mould and from worm injury than the 
ears of the check. The hybrid ])lants were sturdy and lodged less frequently 
^than (lid those of the check variety. 

Liiidslrom ® reported significant increases in yield over oi)en-pol- 
linated parent varieties through the use of line-variety crosses. 


1 KeceivwJ for publication Apr. 19, 19.'13, issuc'd April 1934. 
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for cooperation in the tests made at Utuado, and to Guillermo Cabrera, of Central Coloso, and Luis Ser¬ 
rano, of the Insular Experiment Station, for cooperation in seed prod)^ction 
3 JONKS, 1> P. THE PROOTTCTIVENKSH OP .SINGLE AND DOUBLE FIRST GENERATION CORN HYBRID.S. Jour. 
Amer. Soc. Agron 14: 246. 1922. 

♦ Davis, R. L. report of the pi.ant breeder. P.U. Agr. Expt Sta. Ann. Kpt. 1927: 14-15. 1929. 

» Lindstrom, E. W. prepotency of inbred sires on commer(?ial varieties of maize Jour. Amer. 
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Jenkins and Brunsftn ® found significimt correlations between yields 
of inbred lines crossed inter se and the same lines in line-variety 
combination; they concluded that crosses with open-pollinated varieties 
may be used efficiently in preliminarj’^ testing of new lines. 

The data preseiite^ in ^this paper differ from those already pub¬ 
lished in full by Lindstroiu, and Jenkins and Brunson, in that they are 
based on less homozygous material, only two generations of inbreeding 
being practiced prior to crossing. Most of the parent-progeny corre¬ 
lation studies reported on in the literature are on lines inbred from 
f) to 6 generations, but Jenkins ^ reported on less homozygous material 
and found high-yielding values in inbred lines in their Fi crosses 
indicating that even after only 3 or 4 generations of selfing lines must 
be homozygous for many of the factors that jnake for yield. He reports 
also signiffcant and positive correlations between yield of the Fi 
crosses and tfiost of the characters in the inbred line that make for 
plant vigor; these correlations indicated that the most productive 
crosses may be expected from the most productive inbrcHl parents. 

METHODS OF EXPERIMENTATION 

The maize used for breeding material was coll(»cted from many 
districts in Puerto Rico, and the less desirable ears were eliminat<Hi. 
The foliage weight of 20 to 25 seedlings at 3 weeks was (compared with 
the weights of other cultures grown in the same gennination Hat, 
and parent ears w^ere retained which produced large dark-green seed¬ 
lings. The highest yielding parent ear from each district as deter¬ 
mined in hill-checked ear-row trials was inbred. The i)rocess of 
selection in selfed lines was essentially the same, lines w ere favored 
which compared well with open-pollinated coni in plant growth. 

Since a similar reaction or parallel performance among j*elated 
lines in hybrid combination would afford strong eviden(‘t‘ that early 
elimination is justifiable, the inbred material testeil comprised a 
number of groups of sibs. In order to include a wide range of bn^eding 
stock, lines w^ere chosen from unrelated parent ears each one of width 
originated in a different district. Thus, although only 51 lines are 
reported on, containing 10 groups of second-generation sibs, they were 
derived from 8 parent ears entirely unrelated to each other. Taken as 
a whole, they are fairly representative of the com for the entirt^ 
island. 

When elimination is practiced early in the process of selfing and the 
aim is to retain only high yielding lines with large plant growth, it is 
particularly important to guard against contamination during hand 
pollination, as hybrid plants are easily confused wfith seifs. The bag 
withdrawal method was devised for this pui^)ose. The wTll-known 
bottle method was used, but instead of removing the ear bag upward, 
as is customary, thus tending to expose the silks, it was ripped open 
and pulled straight downward after the tassel bag and the tassel were 
in position. The use of<he bag-withdrawal method enables the worker 
to remain 4 to 6 inches from the silks and safeguards them against 
being touched by the hand and against contamination w’ith foreign 
pollen. 

• /KNKiNa, M. T., aiwi BatiNHON, A. M. mkthodh op tk8TIno inbhkd ijnkm of mawk in crossbkkd 
„raii||tiNATioNS Jour. Amer. Soc. Agron. 24: m-mi l»32. 

7 Ji|rKlNa, M, T. CORRELATION .STODIRS WITIT TNBKKD LINEH AND CROHMBRKO STRAfNR OF KAWE. J«Ur. 
Ag^lle8earch 39 : 677-721. 1929. 
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In producing the hybrid seed it has been the prat*ti(*e when detas$sel- 
ing to destroy the short plants which are easily overlooked and might 
otherwise shed contaminating pollen.' Late-flowering plants of the 
pistillate parents were topped just above the upper ear in order to 
reduce su{)ervision and again to lessen the/‘hance of contamination; 
the cost of hybrid-seed production is also reduced by this operation 
as some plants may be 0 to 8 days late in tasseliug and when left 
nearly double the detasseling period. 

In all the yield trials reported herein a (‘ontrol or check variety was 
planted in every other or every third plot. The plots \vere long and 
naiTow, either i or 2 row^s wide. It is thought that the direct com¬ 
parisons on yields with those of adjoining checks plots were fairly 
reliable and that the correction for variations in (Irainage and soil 
moisture thus se(*ured more than offset the elfect of intervarietal 
competition. 

For determining the sigmfican<‘e of yield (lifiVnuu'Cs Love’s inodi- 
lication of Stmlents’ method was used.^ 

EXPERIMENTAL DATA 

YAUCO>TORUK LINE-VAHIETY YIELD TRIALS, MAYAGUKZ, 1927 

Y auco-Tone corn, a completely heterozygous open-pollinated 
variety, and 27 line-variety hybrids produced at Mayaguez in 1920 
were used in an experiment to determine the yields of second-genera¬ 
tion inbred lines when top crossed by Yauco-Tori*e. Th(». staminate 
jiarent w^as an open-pollinated variety from Yaiico. The pistillate 
parents w’cre 27 second-generation lines derived from 3 high-yielding 
parent/ ears from Lajas, IVhuelas, and flayuya. The seed w as stored 
in sealed containers with quicklime during the winter season. Each 
hybrid consisted of seed from 35 to 50 ears bulked together. 

Planting was heavy, 4 to 5 seeds per hill. The stand was thinned to 
1 plant per hill and consisted of 10,900 plants per acre. Each l-nw 
plot consisted of 24 plants and was one five-himdredth ()f an acre in 
area. Every other row w^as planted to the che(*k variety. A very 
heavy wind and rain storm tow ard the end of the crop season caused 
considerable lodging in the check corn but did little damage to the 
hybrids; as a result there was somewhat more decay in the cheok than 
in the hybrid ears. 

Four plots were grown. In plot E each variety w as planted in a 
single row ami compared directly with an adjoining iwv of the Yaiico- 
'^Porre (‘orn. In plot F each variety was repeated, but no checks w ere 
^rown on account of the limited area of land available. In plots K 
^nd L each line variety w^as grown once in comparison w ith ailjoining 
check rows of Oastillear-1-5-1 X Y"auco-Torre, one of the more prom¬ 
ising hybrids. In jilot E there were 2i\ replh^ations of the Yauco- 
Torre check corn. In plots K and L the line-variety check was 
replicated 52 times. 

Yields per acre of the various plots are giNt^n in table 1 in bushels 
of air-dry shelled corn. The moisture content of the various liybrids 
was assumed to be the same as none of the corns was contrasting in 
kernel type. This procedure probably gave a slight advantage to the 
Yauco-Torre com which was in general a somewhat softer type of 
corn and consequently higher in moisture content. 


«L0VK, H. H. a modification of “students’* method FOH use in INTKRFKKTINO UKSM.TS. Jouf. 
Ainer. Hoc. A^ron. 1C: (»'73. 1924. 




Table 1. —Yields of air-dry shelled corn (bushels per acre) in the Yauco-Torre line variety-hybrid irialSf 19^7 
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Taken as a group tlie moan increase of the line-varie-ty hybrids over 
the staminato parent variety in plot E was 8.96*bushels of air-dry 
shelled corn per acre (table 1). The 27 line-variety hybrids averaged 
36.52 bushels per acre, wliile the Yauco-Torre check variety averaged 
only 27.56 bushels in an equal number of plots. The odds are 9,999 ; 1 
that this difference is significant. 

The spacing and field conditions in plots K and L were the same as 
those in plot FI. Instead of the Yauco-Torre com being used as the 
check variety, ('astillear-1-5-1 X Yauco-Torre, one of the hybrids 
which germinated well and whose inbred parent w'as outstanding for 
growth, vigor, and grain production, was chosen. The other 26 hybrids 
were inferior to those of the check in 38 of 52 comparisons. A general 
comparison was made between (’astillear-l-.5-l X Yauco-Tt)rre and the 
other 26 hybrids using the average yield of two plots of each variety 
as a unit. As an average for both plots K and L (’astillear-1-5-1 X 
Yauco-Torre outyiclded all the other hybrids by a margin of 5.06 
bushels per acre. The odds are 4,999 :1 that this is a significant 
difference. 


PARAI,LEn PERFOKMANCE IN SECOND-GENERATION SIRS 

T\BiiK 2. —Yiddn of (nr-dnj dicllnt corn prr nerr from Ktcond-ffriicralinn t.ih liriets 
niitcroxsed with Yauco-Torre corn in llic Ynuco-Torre bnc-varicty trialx, Maifaguez, 
Vd'di 
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Comparison made in table 2 between yields of six groups of second- 
generation sib lineff^brossed with Yauco-Torre com and those of the 
Yauco-Torre staminate parent. The first-generation inbred-parent 
line of each group of sihs is given in column 1. In the case of each 
line-variety cross the average yield of 4 plots is given; the average 
yields of the sib groups <d.ven in the last column are those of 8 to 1(5 
plots and that of the lauco-Torre com is the average of 27 plots. 
Groupings were made as follows; Very high yielders, the hybrids that 
exceeded the Yauco-Torre com by SCI percent or over; high yielders, 
those that exceeded it by from 25 to 49 percent; and low yielders, those 
that exceeded it by less than 25 percent. Of (5 different groups of 
second-generation sibs lines, 5 gave a parallel perfonnance, i.e., they 
were either all lugh yielders or all low or medium yielders when 
outcrossed with an o])en-poUinated variety. 

The lines used in the line-variety crosses were largely derived 
from the three parent ears (histillear-l, Vicens Flint-2, and Cacique-l. 
Among 11 hybrids whose pistillate parents were C’astillear-1 deriv¬ 
atives there were 8, or nearly three fourths, which were very 
high yielders, 1 high yielder, and 1 low yielde.r. Only half of the hy¬ 
brids whoso pistillate parents were, derived from the other ears were 
very high yielders. (^astillear-l is outstanding as a source of desirable 
lines. This indicates the desirability of concentrating the work of 
self-pollination on a few high-yielding ear-to-row selections. 

PARENT-PKOGENY CORRELATION STUDIES, 1927 CROP 

Correlation studies (see tabulation on p. 351) were made between 
line-variety yields and various characters of the. inbred pistillate 
parents including yield, leaf width, seedling foliage w eight, iiercent age 
of soft starch by weight, and the kernel type as indicatc'd by the di'gree 
of denting. The average yield of the 4 plots of each hybrid in compari¬ 
son with the general average of 31 plots of the Yauco-Torre check 
com w'ere used as the basis for the yield coni|)arison. 1'he yields 
were expressed in percentages of the check. In this way a coinjiarison 
could be made between yields of the inbred lines in 1925 and 192(5, and 
those of the hybrids in 1927. Jhe seasonal variation from year to 
year makes a direct comparison in actual yields undependable. 
Tables 3 and 4 give the data for the years 1925 to 1927, inelusive, on 
both the inbred ])istillate and the corresponding line-variety hybrids. 



Table 3. — Parent-progefoj study of Yauco-Torre line varieties and inbred parents, 1925-27 
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Table 4. —Plant characters of first and seco7}d inbred generations of Yauco-Torre line variety pistillate parents^ 1925-27 
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Relation Between Link-Variety Yield and Percentlage* of Boft Starch 
OF THE Inbred Pistillate Parent • 

TJic percentage of soft starch was determined by dissecting the 
soft starch from the halves of 50 kernels, 2 kernels being taken from 
near the center of each of 25 different ears of a given inbred line. 
Weights of dissect(‘d material were taken after the material had dried 
in an electric oven for 2 hours at 108° (\ There was no marked 
relation between the yields of the line-variety hybrids and the pro¬ 
portion of soft starch in the inbred pistillate parent. The coefficient 
of correlation was low, only 0.198 dr 0.129. The 10 lines derived from 
parent ear Castillear-l averaged 24.84 percent of soft starch and wore 
generally superior in yield when outcrossed to the 7 lines derived from 
C-acique-1 which averaged 19.30 percent, and to the 7 lines from ear 
Vicens Flint-2 which averaged 17.34 percent. 

Relation Between Line-Variety Yields and Mode for Degree of Denting 

The progeny (uirs of each second-generation line were classified 
according to kernel types into five groups- deeply creased dent, 
creased dent, dimpled deni, shallow dimpled dent, and flint. Where 
fewer than 20 ears were classified no more were available due to 
barrenness, or disease, or weathering in the field. The correlation 
was positive {r- 0.377 i 0,111), but not high enough to justify a rigid 
elimination of flinty types of inbred lines. 

liELAtltlN btBtWEEN LiNE-VaRIETY YiKLDS AND PeKCKNTA(JE OP BaRREN 

and Diseased Plants 

The total p('rcentage of barren and diseased plants of each inbred 
parent was negatively correlated with yield of the line varieties 
{r - 0.441 L 0,025). Of the 12 hybrids below average in yield, 9 had 

inbr(‘d parents with more than io percent of diseased and barren 
plants. Of the 7 highest yielding hybrids, 5 had inbred parents with 
less than 4 percimt of diseased and liarren plants, and only 1 had an 
inbred parent with as much as 10 percent. 

Line-Variety Yields and Germination 

The germination vigor is e.xpressed as the foliage weight of 20 
seedlings when 21 days old in percentage of that of Yauco-Torre 
seedlings grown in the same germination flat. Th(' marked increase 
in this factor duc^ to outcrossing with open-pollinated corn is shown 
in table 3. The inbred parents were, with two exceptions, inferibr in 
seedling size to the Yauco-Torre corn, whereas the hybrids were gen¬ 
erally superior, and on this basis the resulting generally superior 
yields could have been predicted. The average seedling weight 
superiority of hybrid over the open-pollinated staminate parent was 
10.1 percent, and only 5 of 27 hybrids were inferior. The superior 
seedling vigor of most of the 27 liybrids is rather remarkable consider¬ 
ing that the weight per 100 kernels of the ^Yauco-Torre pistillate 
parent was 37.5 g, whereas none of the hybrids exceeded 32.2 g in the 
xenia generation. 

Considered within related groups, the line-variety hybrid with the 
most rapid early growth wuis the highest yielder; this was true in 4 
groups of sib hybrids, not true in 1, and doubtful in 1 group. The 
correlation coefficient between the 20 line-variety yields and the 
49474— 
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hybrid-seedling foliage weight was only 0.283 ±0.124 and did not 
confirm the observations made on sib grdwps. This rather low coito- 
lation indicates that it is not safe to discard any but the very poorest 
genninators in the line-variety crosses. 

Yields of the Li^e-Vakiety Hybrids in Rp^lation to Leaf Width and 
Height op the Inbred Parent 

Among the six groups of relitted line-variety hybrids the broadest 
leafed line within each group in the second inbred generatifin ])roduc-ed 
the highest yielding hybrid. There was one exception, that of the 
Castillear-1-4 derivatives. The correlation between l(‘.af width of the 
inbred parent and line-variety yields 0.315 ± 0.117) was not so 
high as that for parent-progeny yields but tends to confirm observa¬ 
tions made on groups of sib hybrids. There was no such nJationship 
apparent between yield and height, there being eipially as many low- 
as high-yielding sib hybrids with tall jnstillate parents. 

Line-Variety Yields and Yields op First Two Inbred (Honeuations 

A high and significant correlation was found between the line- 
variety yields and the average yields of the inlired parent in the first 
two inbred generations (r -0.638 d 0.0767). Of the various charac¬ 
ters studied yield is apparently tlic most de])endable basis for elimina¬ 
tion in inbred lines. All except 1 of the 0 lines that yielded 7() percent 
as much as the open-pollinated check variety in the first and second 
inbred generations, outyielded the check by oO percent in line-variety 
combinations. Among 7 lines that w^ere inferior to the check by 
50 percent in the first 2 inbred generations, there w ere in tlu^ (‘orre- 
sponding line-variety hybrids 3 low^ yieldcrs, 2 high yielders, and 2 
very high yielders. The elimination of all linos except those that 
averaged 76 percept of the check in the first 2 inbred generations 
would have retained 8 of 14 lines which produced very high yielding 
line-variety hybrids. 

LINE-RECESSIVE YIELD TRIALS, MAYAGUEZ, 1928 

Line-recessive yield trials were made at Mayaguez in 1928 to deter¬ 
mine w^hether high-yielding hybrids could be produced by (‘rossing 
lines inbretl two or three generations and W'^hether lines with larger 
plant growth and longer ears w’^ould produce higher yields when (‘rossed 
with an unrelated, white line assumed as recessive because of white 
kerp|3l color and inferiority in plant size, ear size, and yield. The 
spacing and size of plots wTre the same as those used in the 1927 
line-variety yield trials. Growing conditions were good, and no abnor¬ 
mal w’eather interfered with grain production. 

The material used in the 1928 yield trials consisted of hybrids 
between a white-kerneled line selfed three generations and 24 vellow- 
kernehni lines selfod two generations. The yellow lines were derived 
from six unrelated ears from corn districts near Aibonito,Barranqiutas, 
Coamo, Lares, Morovk, and Peiluelas. With the exception of the 
ear from Pchuelas, the parent ears were vSelected on the basis of high 
total ear longisectioii area per plant and were entirely unrelated to 
the lines used in the 1927 line-variety yield trials. 

The PefiueUs lines were deriv<^ from Castillear-l, the ear which 
was outstanding in the 1927 trials as a source of lines that gave high 
yield in line-variety combinations. The progeny of this ear was 
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open-pollinated during one season, and in tlic following generation 
100 selfed lines were secured. From these 15 lines w ere retained w^ich 
outgrew Yauco-Torre corn at 3 weeks. The first generation lines, 
nos. 21 and 50, were outstanding for healthy foliage and largo plant 
growth in field trials, and from these the Penuelas lines w^cre clerived. 

The white line, Cacique-l-2-4-r) used *as the staminate parent, 
makes a very inferior plant growth and produces small ears, 10-13 
cm long and very small kernels. It yields between 8 and 10 bushels 
of shelled corn per acre, or about one fourth normal, and decidedly 
less than all the yellow-kerneled lines. Because of its decided inferior¬ 
ity, the white line was thought to afford a good test for the potential 
yielding values of the yellow^ lines, as only the more vigorous yellow 
types could be expected to give a high yield in Fj combination. 
These hybrids w-ere considered as contrasting wdth the line-variety 
hy])rids in wdiich tlie variety is the source of many dominant char¬ 
acters and an infinite variety of combinations is the result. In the 
former type of hybrid th(‘. yellow lines, being larger in ears, kernels, 
and plant growth than the stannnate ])arent, constitute the principal 
sour(‘e of dominant 
cliara(*fers; the variety 
of combinations tliat 
result is not so great as 
in lino-variety hybrids 
for it (le])ends largely 
on the variability in 
the yellow' line's. 

PARALLEL PERFORMANCE 

IN SECOND-GENERA¬ 
TION SIRS 

Figure 1 shows dia- 
grammatically the 
parallel performance of 
four different groups of 
sibs in hybrid combi¬ 
nations with the com¬ 
mon wdiite pollinator. The bars represent the average yields in bushels 
per acre. The bars representing yields of related hybrids are grouped 
together, and underneath in each case is given the first inbred genera¬ 
tion line from which they w^re derived on the ])istillate side. 

W'as })arallel performance in all four related groups; hybrids derived 
from Barranquitas-22-11 and Castillear-J-o.p.-21 were all low yielders 
w^hile those from Coamo-12-13 and Castillear-l-o.p.-50 were all high 
yielders. 

The superior crossing values of the four second-generation sib lines 
derived from Castiliear-l-o.p.-50 are domonstratedVhen their hybrids 
are compared as a group with the Yauco-Torre corn. The eight 
plots outyielded the latter by an average of* 15.51 bushels ])er acre. 
The odds are 1,732:1 that this difference is not entirely due to chance. 
Not only was the yield significantly greater but also the kernels had 
a brighter luster and the grain quality was superior, due to less decjiy 
at the tip ends of the ears. The parallel performance of these fouf ^ 
groups of sibs when crossed with a nonrelated white recessive variety 
indicates that within the limited breeding material used it w^as feasible 
to select lines with high crossing values in the second inbred generation. 



Fim're 1 —Parallel perforniaTice in .sefoiid-irenenition sih>. Maya- 
guez. 1928 Tlie bar> rejiresent yielfK in busliels of shelled corn jH'r 
aero of four trroups of sib second-peneralion corn hnev which hu\e 
all been outcnissed with the fiuiue white line Related hybrids 
weie either all high yielding ca all low j icldinp 
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As may be observed in the data on height in tai)le.5 the growtli of 
the (‘heck plants which grew in rows adjoining the hybrids waj^ not 
markcidiy affected by the jilant size of tfie latter. As a rule, the cheek 
grew just as tall nc*xt to the taller hybrids as it did in the rest of the 
field. The competition between varieties docs not appear to have 
been marked, and there WH're several instances of high yields of hybrids 
wdiich w (*!*(' ({uitc inferior to the check in heiglit, i.(‘., those of Morovis- 
()-()-! and Coamo-r2-lll“2. 

rAUENT-PKOGENY GORRELATION STUDIES, 1928 GHOP 

vSinc(‘ the white staminate parent w as almost homozygous for kernel 
size, color, ear length, and height, it was predict<al that most of tlie 
variability in the hybrids would be due to th(‘ inJluenc(‘ of the yellow' 
])ar(*nts. It was therefore thouglit that high correlations in plant 
height luicl yield would be secured between the lin(‘-recessive crosses 
ana inbred yellow' iiarents. Ihifortunately poor pollination due to 
violent storms in 1927 previmted the securing of data on yield of 
panuit lines. Tlu're w as, liovvever, a high <*orreiation for longisection 
area of (airs per plant betwecm lin(‘-recessive hybrids and the n^spec- 
the y(‘llow^-line panuits (r -0.049-1 0.090), and as was pivdicted, the 
])arent-prog(Uiy correlation for luught was liigh (r =-=().<S34 t; 0.043). 
Sinc(' hybrid yields wi'n* also strongly correlated with thes(‘ (“haracters 
of th(‘, inbred ])ar('nts, /•- 0.595 r0.()S9 for yhdd and Imight and r — 
0.540 i 0.097 for yi(*ld and total ear longisection area piu’ plant, it 
follows that they (*ould have' beam used as a basis for elimination in 
the second inbred g(‘neration. Tlu‘se n'sults tend to corroborate 
th()st‘ S(*cured by dcuikins^’ on lines inbri'd 3 or 4 generations. 

The correlations between iine-ivces.sive hybrid yiedds and ear 
length or ear diametiu’ of inbred parents were nearh double those for 
1927 lini'-variety yiedds and the same* (diaract(Ts of the inbn'd parents, 
as shown Ixdow. Ajipanmtly much h'ss variability in hybrid yi(dd 
and hybrid plant grow th ivsiiltial from the use of the opeii-pollinati'd 
variety than through the use of the recc^ssive liiu^ As a test for nda- 
tive dominance among inbr(*d lines the liniM’ec(^ssiv(» method appears 
to be Jiiore effective. In tin* lin(»-variety hybrids th(‘ dominant char¬ 
acters contributed by the opcui-pollinated variety temh^d to obscure 
those of the selfed lines. 


Characlors rorrelalod with line-\aricty \ iolds- CoiCianiis oj corrfinUon 

Average yield of first and second inbred generations 0. t)3Hl 0. 0707 

Seedling foliage weight of hybrids at 3 weeks.. . ‘2S3:i. . 124 

Mode for degree of denting of inbred parent_ . 377 i *.111 

P(‘reentage of soft starch of inbred parent - . lOSi . 129 

Total «ar length per plant of inbred ]mrent_- . 1H9± . 125 

Total ear diameter p(*r plant of inbred parent .. _ . . 175 j. . 125 

Leaf w idth of inbred j)arent - . . _ . . .315J .117 

PcTcent of disiiased and barren plants of inbred ])arent._ — 141 :L . 025 
Characters of dominant inbred })ar(‘nts correlated with line- 
recessive \ields: 

Height to tassel base - _ __ - - _ . 549 t . 095 

Total ear longisection area per plant_- . _ _ _ . 540 ± . 097 

Total oar length per plant__ . _ . . 384^ .117 

Total ear diameter per plant. . __ . 38()-i: .117 

Parent-progimy characters correlated: 

Total longisection area of ears i:H'r plant of line-recessi\ e hy¬ 
brids and thc^ same of dominant yellow’ inbred ])arents- . 549± . 09f^ 
H(iight to tassel base of line-recessive hybrids and the sam(‘ 
of dominant inbred parents__ . .. 834 i . 043 


®Jknkinh,M T. See footnote 7. 
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The averaffo yield increase over Yauco-Torre chock corn was 
nearly 10 times as ^reat for the 26 line varieties as for the 24 line- 
recessive hybrids. The average inferiority of the line recessives is 
apparently owing to the high proportion of lines which were not out¬ 
standing for dominant characters and were inferior for plant growth. 
The yields of the more. jjrQinising of the line-recessive hybrids, how- 
(>A"er, compared quite, well wdth those of the high-yielding line variidies. 

UTUAlX) LINE-VARIETY YIELD TRIALS ■» 

Line-variety yield trials were made at Utuado to compare yields 
of line-varioty hybrids with those of their pistillate variety parents 
and with the corn produced on the farm of Tomas (Jarcia. 

Three line-variety hybrids produced at the Isabela substation and 
five produced througli the cooperation of ('entral Coloso near Isabela 
were comjiared with corn locally produced on the (Jaroia. farm and 
wdth the pistillate parent varieties. The staminate parents were 
('astillcar-]-.5-l composite and (''astillear-1-5-2 comjiosite, derived 
from the same first generation line; after 4 to T) generations of self- 
pollination 6 and 8 sibs, respectively, were lumped. The jiarent 
lines of both staminate jiarents had given high yields in line-variety 
crosses in 1927. The. pistillate parents consisted of corn varieties 
collected in various parts of the island. In each instance corn was 
chosim from farms where the jiractice had been for seed corn to be. 
saved from year to year. 'Hie objective w'as to find distinct tyiies 
of corn. ^Vith the exception of the Aguadilla corn, howevi'r, which 
had dark-orange seed color, red cobs, and was fairly uniform for 
dimpled to smooth dent kernels and long tapering ears, all tbe other 
varieties were similar in type, i.e., a smooth dent with ears of medium 
length varying in lojrnel color from light yellow to orange. The 
corn produced on the (larcia farm came originally from Yauco anti 
was very similar to the Yauco-Torre. corn. 

The corn from the (iarcia farm was used as a check and was planted 
in every third plot.. Jlills were spaced 3 feet apart each way, and 
the corn was thinned to two plants per hill. The plots w'cre 2 rows 
wide and 208 foot long. Three plots, one tliirty-fifth of an acre in 
aiea, were planted to each hybrid. The soil w^as a loose sandy loam, 
typical of tlie cornland of the Utuado district. The field was w'ell 
drained and not under irrigation. A heavy rain that fell a few days 
after planting washed out the seeds and made it necessary to replant 
the entire*field. Owing in part to adverse conditions at the start, 
and ih part to a steoj) somewhat stony slope, at one end of the field, 
yields were very erratic. 

'0 (''ooperatioii with the Tiusular Dopartment of Agriculture, 
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Table t).— Yivldn^ per acre of air-dry ah died corn hi the Uluado hne-var id y-hyhrid 
irinlSf fhc yields of hybrids being compared, with those (f pislillale parents 





Yields in 
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no 

Hybrid 

Yield of 
h\ brids 

adjoimne 
plots of 
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Deviation 
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No significant differences were found between tlie yields of indi¬ 
vidual lino-variety hybrids and their respective pistillate parenflt, 
which grew in each case in adjoining plots (table C). It is probable 
that a larger number of rc])lications would have demonstrated a 
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superiority for some of the individual hybrids as, taken as a group, 
the. 13 plots of hybrids pollinated by Castillear-1-5-1 averaged 2.93 
bushels per acre more than the pistillate parents. The 13 hybrid 
plots were treated as though they were repetitions of the same cross. 
The odds were 654:r that this difference was not duo to chance. The 
weights of air-dry shelled corn were based on a shrinkage sample of 
100 ears collected, half from corn grown on the Garcia farm and half 
the interplan ted varieties; the-moisture content was assumed to be 
the same for all varieties, as differences in type of corn or degree of 
maturity were not marked. 


Tables, — Yields per acre of air-dry shelled corn in the Vlnado line-variety trials 
the yields of hybrids being compared with those of the Garcia check corn 

tCoiumon i)ollinator or sta?niiiato parent-(•oini>o‘*lte, harvesled July 2S, 1931] 
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of the 18 hybrid plots were treated as thoue:h they were repetitions of the same cross 


Table 9. — Yields ® per acre of air-dry shdled corn in the Utuado line-variety trials, 
the yields of hybrids being compared with those of the GoreUi check corn 
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In making the calculations, differences between the pistillate parent varieties from Aguadllla, Peftuelas^ 
ai%ti)e Juarbe Harm were disregarded, and the » plot yields were treated as though they were repetitions 
of QMame cross. 
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As shown in table 7 there were significant differences between the 
Garcia check corn and two of the hybrids, PehuelaS-1 and Aguadilk-1. 
The former averaged Jh79 bushels more of the shelled corn per acre 
than the check and the latter was superior by 6.52 bushels. In the 
case of the Castilhair-1-5-1 hybrids the results are more conclusive if 
a general comparison is made between the two groups of hybrids 
and the Garcia corn. The 16 plots of hybrids pollinated by Castil- 
lear-1-5-1 composite averaged 8.271 bushels per acre more than the 
check corn (table 8). The odds are 4,999:1 that this difference is not 
due to chan(*e. The nine plots of hybrids pollinated by Gastillear- 
1-5-2 comf)osit(* av(U*aged 8.98 bushels per acre more than the check 
(table 9). The odds are 27.1 that this difference is not due to chance. 



Fuji uk 2 -Yields of line-vrtriety bybrul^ and vaneiies at I'tuado, Ai>ril 1931 The black bars represent 
yields of varieties, the hatched bars those of the Ime-vanely hvbnds, and the dotted l:)ar.s tlwxse of the 
daietu check corn. J»=Juarbe, r-l’enuelas, S-San SebasliAn. C-Toamo. and Burranquitas. 


The genonil suporiorit}' of tho CastilU'iir-1-5-1 lino-variety hybrids 
is shown {irapliioally in figure 2, and tho plaoos of origin of tho opon- 
pollinatod varieties is inoioated in the legend. Eaeh group of'bafs 
represents the yields of three adjoining ? 35 -acre plots of a variety, 
and that of a cross between that variety and the inbred line, (’nstil- 
le.ar-1-5-1, and that of Garefa cheek corn. The Juarbe pistillate 
parent was superior to its hybrid with Castillear-1-5-1 and compared 
well with all of the hybrids in grain production. 

DISCUSSION OF RESULTS 

• 

The general superiority of the yields of the 27 line-variety crosses 
to those of the variety parent mdicjatcd that this use of second- 
generation lines would prove effective in increasing yields of corn 
grown near Yauco. ** 

There were, among both 1927 and 1928 crosses, 10 sib groups, 9 of 
W'hich gave a parallel pcrfonnance for yield. This affords some 
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evidence that the parent lines inbred only two gc^norations were 
approaching nnifortiiity for characters that make for jdeld in cross¬ 
bred combination. 

A high parent-progeny correlation for yield was secured in 1927, 
and a still higher one for hybrid yield and total longisection area of 
ears of inbred parent was,secured in 1928. It seems that witliin the 
material studied the second-generation lines with the liighcst crossing 
vahies could have been selected.prior to crossing on the basis of yield 
or characters directly associated with yield. 

Coinphde n^storation of liybrid vigor resulted from crossing the 
se(‘ond-gcneration lines with a nonrelated open-pollinated variety. 
Difference in degree of expression of a character contributed by in})red 
lines tended therefore to be obscured in lino-variety combination. 
Among line rec'essivcs there were yoyj high parent-progeny correla¬ 
tions for l)oth height and car longisection area, and the variability 
in the germ plasm contributed by the more vigorous yellow^-kerneled 
parents was not apparently aflocted by the contribution of the so- 
called re(‘essive parent. Presumably the prepotency of second- 
generation lines as regards a parti(mlar (haracter could be studied 
to better advantage if they were outcrossed with a line known to be 
recessive for that charaebT than if crossed with an open-pollinated 
varietv. 

SUMMARY AND CONCLUSIONS 

Ears wore selected from Lajas, Pehuelas, and Jayuya in 1923 and 
tested for seedling vigor. The cars which were superior in seedling 
size and drought resistance were placed in cai-to-row yield trials. 

Lines were inbred two generations from the three highest yielding 
liarent ears from the three districts and compared in yield and jilant 
characters. They Ayere then crossed with Yauco-Toric'-, an unrelated 
open-pollinated variety. In 1927 yield trials were conducted a.t 
Mayaguoz. The 27 line-variety hybrids taken a.s a group were 
significantly superior in yield to the Yauco-Torre corn. Castillear- 
1-5-1 xYauco-Torre w^as significantly superior to the other hybrids. 

In 5 of 0 groups of sib line-variety hybrids a parallel performance 
was observed; they were either all high yielding or low^ yielding. 

Correlations were determined betw’^cen lino-variety yields and 
various chdracters of inbred parents. The correlation w^as significant 
and positive for yield and average yield of first and vsecond inbred 
generations. The coiTclation w-^as negative and fairly high, but not 
significant, for hybrid yield and percentage of barren and diseased 
plants. Correlation of hybrid yield wdth mode for degi‘ee of denting 
of kernel, and leaf width of inbred parent w^erc positive and fairly 
high but not significant. Correlations of hybria yield with inbred 
parent characters, percentage of soft starch, and seedling foliage 
weight wcu'e positive but very low. These correlations indicated 
that within the material studied the average yield of the first and 
second inbred generations was the most dependable basis for 
eliinination. 

Five parent oars from five different districts iir^re selected for high 
t(>tal longisection area of ears per plant and self-pollinated. In 1928 
^eld trials wore conducted at Mayaguez comparing hybrids between 
second inbred generation derivatives of these ears and a line, assumed 
as recessive, which had been selfed three times. The line-recessive 
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hybrid yields were not as sjiporior to the Yauco-Torre chock corn 
as wore those of the lino-variety hybrids. Parallet performance was 
noted among hybrids secured from four groups of .second-generation 
.sibs. Significant correlations were secured between line-recessive 
hybiid yields, and plant height and total longisection area of ears per 
plant of the yellow-kerneled inbred lines. fUith of the.se characters of 
the yellow-kcruelcd lines appeared dependable as a basis for elimina¬ 
tion in the second inbred generation. ■ 

Yiejds significantly supei ior to Yauco-Torre corn w'ero secured from 
four sib lines derived from Castillear-l-o.p.-.'iO by outcrossing them 
in the second inbred generation with a third^jeneration line. 

In 19;il line-variety crosses between the composites, Castillcar- 
l-fi-l or Castillcar-1-.')-2 and a number of native varieties outyielded 
the corn grown on the (iarefa farm in the I'tuado district. These 
lines gave superior yields in the second inbred generation outcrossed 
with the open-])ollinate(l native field corn and continued to do so 
after the fourth to fifth inbrcfl generation. The margin of superiority 
does not appear to have hcen increased by additional generations of 
inbreeding prior to cimsing. 




HYPERPARASITISM IN THE CASE OF SOME INTRODUCED 
LEPIDOPTEROUS TREE DEf’OLIATORS ’ 


By A. B. Proper 

Junior entomologist^ Division of Forest Insects^ Bureau of Entomology^ United 
States Department of Agriculture 

INTRODUCTION 

It has long hoori known that hyperparasites have a eonsiderable 
effect on the abundance of primary parasites. In recent years, as 
more interest has been centered upon the biological control of in¬ 
jurious insects, the problem of the interrelations of parasites, not 
only between the various primary parasites themselves but also 
between the primary parasites and the hyperparasites, has called 
foi* ])articular study. It has been considered that one of the chief 
causes of tl)e reduction in numbers of the ])arasites imported into 
New England to aid in the control of the gypsy moth, the brown-tail 
moth, and other moths has been the activities of h,yperparasites. In 
this paper it is projxised to make available the present information 
on (1) the extent to which these imported parasites are attacked by 
secondary parasites of the lepidopterous hosts, (2) the species con¬ 
cerned, and (3) the relative importance of each. 

To find out the extent of hyperparasitism in the case of the gypsy 
moth {PortheirUt dispar L.), the brown-tail moth iXyfjmid phaeorrhoea 
Don.), the satin moth (Sidpmiia salicis L.), and the oriental moth 
(CnidiKnmpa ftarescens Walk.) collections of cocoons or puparia of 
the parasites of these moths were made at various points in their 
respective infested areas of New England during a period of 4 years, 
from 1929 to 191^2, inclusive. 

There was some difIi<Mdty in obtaining collections of most of the 
species of primary i)avasites in the field. It was thought desirable 
to make (‘ollections at the same localities over a series of years, and 
as a result many collections were small, especially where the host 
population was small during the entire i)eriod. 

Spe(‘ial efforts were made to ascertain the maximum hyper^)arasiti- 
zation by collecting cocoons or pu])aria as near the time of issuaiK*#^# 
the primary parasite as possible. In many cases some of the primary 
parasites had already issued, and these were taken into account with 
the others. No matter when the collections were made, there were 
a few cocoons or puparia that had been subjected to the attack of 

1 Received for publication Oct. 24,1933: issued April 1934. 

* The writer is indebted to C. W. Collins, in charge of the laboratory of the Bureau of Entomology, 
0 S. Department of Agriculture, at Melrose Highlands. M ass , and to C. F. W. Xluesebeck, of t he Di vision 
of Identineation and Classification of Inscct.s. Bureau of Entomology, for much helpful advice in the course 
of the work; to T. H. Jones for iwrmission to use his notes on Stnrmia »cutdlata\ and, in addition, many 
thanks are due to R. A, Cushman, C F, W. Muesebeck, I>. L. Parker, and R. T. Weblier, of the Bureau 
of Entomology, for determinations of sfiecies. 
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secondaries for only a short time, and the inclusion of these altered 
the percentages to a certain extent; but as special precautions were 
taken and, in most cases, good-sized samples obtained, it is believed 
that a fair picture is presented of the nature and extent of parasiti- 
zation of these priihary parasites under average lield conditions. 

In the discussion of the primary parasites the reader is referred in 
each case to the pai>er that .treats the particular species in most 
detail. Where no reference to literature cited is given, the infor¬ 
mation is in the form of unpublished notes on file at the Bureau of 
Entomology laboratory at Melrose Highlands, Mass. 

Unless otherwise noted, the dead immature forms of hyperparasites 
that could not be positively identified, but that were encountej‘ed 
during the examination of the cocoons or puparia that failed to yield 
adults, are classed in the tables as ^^undetermined species.” 

Except for Sturmia scutdkita K. D., all cocoons and puparia collected 
for this study were isolated in small glass vials stoppered with cotton 
plugs, which permitted accurate determinations of the percentages 
killed by hyperparasites. 

PARASITIZATION OF PRIMARY PARASITES 

HYMENOPTERA, BRAC’ONIDAE 
Ai’ANTELES LACTEICOLOIC VlKRKCK 

A'panteles lacteicolor pp, 104 - 201 )^ a larval parasite of the 
brown-tail moth, forms its cocoons in the hibernation webs of its 
host about 10 days after the host larvae have begun to feed in the 
spring. The cocoon is very delicate and is easily crushed in handling, 
which may a(*count in part for the large number of cocoons from 
which neither nor hyperparasites were reared. Most of the 

cocoons of A, lacteicolor are formed so far in the interior of the web 
that to attack them the adult hyperparasites not already within it 
must enter and search througli a labyrinth of passages for them. 
The extreme discomfort experienced while working with the brown- 
tail moth because of the irritating barbed and brittle hairs of the 
caterpillars has been a deterrent"to the accumulation of any very 
large collections of its parasites. Consequently conclusions which 
may appear to be based on rather small numbei-s of cocoons or puparia 
are in reahty founded on collections requiring a great deal of per¬ 
severance in their proper handling, and the small numbers must 
is{y Considered as unavoidable under the circumstances. 

In 1929 four collections totaling 457 cocoons of Apanteles lactek 
color were made in four localities in the New England area infested 
with the brown-tail moth; and in 1930 six collections totaling 1,067 
cocoons were made in six localities, two in the same places as in the 
previous year. Tlie percentage known to have been felled by hyper¬ 
parasites of the brown-tail moth in individual collections ranged from 
0 to 22, and the average for all collections in both years was 5 percent. 
In table I it is shown that 22, or 1.6 percent, of the cocoons of A. 
lacteicolor were found to have produced adults of Eupteromalus ^ 
nidulans. x4.1though a small percentage of the total, it represents 
^^learly half of the number killed by hyperparasites the species of 
which coul d be determined. Yet this degree of parasitization is not 

* aef 9 Y«itoe is made by number (italic) to Literature Cited, p. 376. 
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surprisiritj^, for Kupteroinalus finds these cocoons «imniediately avail¬ 
able as it attains maturity following its hibernation as a primary 
parasite within the w^ebs of the brown-tail moth. In fact, considering 
the large number of webs that were examined, and that the majority 
of these webs contained from a few to a Inquired or more hibernating 
Eupteromalus per web, it is surjirising that no greater number of 
^‘1. lacteicolor w^erc attacked. It is .interesting that Eupteromalus 
acts both as a j)rimary jiarasite of the browm-tail moth and as a second¬ 
ary parasite through A. lacteicolor in the same web. In a previous 
])ublication (Z^, p. n‘4) the writer showed that Eupteromalus is far 
more important as a f)rimary parasite under lield (‘ondilions, especially 
wdien attacking the satin moth. 

T\rle 1. ParaHidzation nf Aparilc(cH lacteicolor, 1020-32 


SjH*fios (tf jur.jsite 


KuiUeraimluis uniulauH ('riioiusoii) 
Mnnodoutomerioi arrrua W alker _.. . 

Heiniiclcs tencllu!< (S'iw ), . __ 

GcUh buccu/afncus (Ashnioa<l). 

ttviiopfcromalns inimicus Miicsobeck,,. . 

JMbrach ys bo uchea n uit (Kat /,t* burp). 

Knrytuma apptndigafder (Swedoru^,). 

Pknrotroput tnisatift (Asbiiicad' «. 

I ndelorniHied siH*cies. 

Total killed bv parasilos.-- . 

\dults()f.4 lacteicolor issued . . . 

1 ) 011(1 from unknown causes. 

Total. . 


« Crobubly a secoiidaiy to .1 hictiicoior 


IsMiimce of parasites 

t'ocuonsof I 1 

A. luctdcolor Host i Total i Averajic 

cocoons 1 adults .adults iK'r 
iconceniodi issued , cocoon 

I 1 ' 
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Xa in her < 

Xuinher , 

Xurnber 

‘ 22 1 

1 r. j 

22 ' 


1 (1 

! ' 

9 

13 ‘ 

U ' 

1 0 


.3 ‘ 
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4 1 

3 U 

i 2 - 

•1 ! 

i 2 


1.0 

■1 - 

•} i 


2 ' 

1.0 

2 

1 

t ' 

3 ' 

1.3 

2 . 

1 ' 


2 ' 

1 1) 

: 1 

1 

1 1 

1 , 

1 0 

2S ; 

1 H 1 

! 2^ 

. -- 


1 .. — 


1 

— 

-- . - 

7(» 

0 i 

1 



hU) 

rM. 1 1 


- - . 

- 

<;i)b 

.111 9 , 




i,r»24 1 

100 0 ' 

J 

— * - 

— 

. 


A[oni)di)iitomeriis aereun also spends the winter within the brown- 
tnil-inoth hibernaeuhi, but as adults and not in such numbers as does 
Eiijiteronuilns. Most of the individuals of M. acreus overwinter in the 
cocoon masses of the brown-tail moth, as mentioned by jMuesebeck 
(7, p. ''dio adds (p. 4^7) that’ this s])ecies is a negligible factor 
in the parasitization of *1. lacteicolor. The present ligurcs bear out 
that statement. 

The two most im])ortant species of secondary parasites are th('>TiffSr 
that i)ass the winter in the brown-tail-moth hibernncida. This adds 
weight to the theory that hyperparasitism depends to a large degree 
on the extent of exposure. 

The 5 percent mortality of Apanteles lacteicolor shown to be due to 
parasitization is certainly not all that might be. charged to this, since 
it is at present impossible to determine with accuracy the number of 
primary parasites that are killed by hyperparasites when no eggs are 
laid or when they fail to develop. Many are killed by the liyperpara- 
. sites in puncturing their primary hosts for purposes of oviposition or of 
feeding. For example, the writer found {9, p. 43) that in laboratory 
experiments Eupteromalus nidulans, acting as a primary parasite o* 
the satin moth, laid egM upon only one third of the total number of 
host larvae that it kuled. Muesebock and Dohaiiian {8, pp. 6-7) 
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likewise show that .such feeding is very common among most of the 
spet'ies of hyperparaSites concerned in this study. It is probable that 
a very large number of primary parasites are killed in this way. This 
notation applies ton all the species discussed in this paper, although 
generally not to such an extent as with A. lacteicolor^ 40 percent of the 
cocoons of which produced neither Apanteles nor hyperparasites. 

Apantelbs melanoscelus (Ratzeburg) 

Muesebeck and Dohanian (S) studied the parasites of Apanteles 
melanoscelm (^), a valuable larval parasite of the gypsy moth, in 
considerable detail. Therefore, to avoid duplication, no special effort 
was made to secure a. large collection of cocoons, but it was thought 
desirable to obtain a number sufficient for comparing the incidence of 
the various species of hyperparasites with their abundance when 
attacking other hosts during the same seasons and if possible in the 
same areas. In addition, the data in table 2 are presented in such a 
way as to show the comparative abundance of the ditTerent species 
when attacking each of the two generations of A, melanoscelus. 

Table 2. —Parasitizalion of Apanteles melanoscelus^ 1920 iiO 
FIRST generation 


Species of parasite 


Eurytoma appendigaster (Sw^derus)., 

TlemiteUs tfnellus . 

Oelts hucculatrkh (Asbmoad) - - -. 
JOibrachys boucheanm (UatKeburg).. 

Mesochoriba vitreus Walsh .. 

Oelis urbanwf (Brues). 

Vtmmookia tncongruus (Ashinead). - 
Undetermiued species. 

Total killed by parasites. 

Adults of A. melanoscelm issued_ 

Dead from unknown causes. 

total. 


JUitrytorna appendigaster (Swederus)... 

jjt(n u,.ips boticheanus (Eatzeburg)_ 

GeliH bticculalrkis (Ashmead). 

Eupelminns saUator (Lindeman;. 

Oelh intUilis Cushman. 

Ilabrocytus phycidis Ashmead. 

Ilypopteromalus inimicm Muesebe<ik. 

Pleurotropis Hawaii (Ashmead).. 

Undetermined species. .. 


Total killed by parasites. .. 
Adults of A. melanoscelus issued.. 
Dead of unknown causes. 


Total.. 




Issuance of parasites 

Cocoons of 




.1. melanoscelus 

Host 

Total 

A\erage 



coewns 

adults 

adults iK'r 
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cocoon 

Number 

J Percent 

Number 

Number 

Number 

66 
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56 

56 

1 0 

36 

8 0 

36 

36 

1.0 

15 
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15 

15 

1.0 
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9 

23 
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2 

.6 

2 

2 

1 0 

1 

.2 

1 

1 

1 0 

1 
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12 
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.4 
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1.0 
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.4 
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1 1 
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.4 
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1 

1.0 
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1 

1.0 

1 

.4 

1 

1 

1.0 

16 
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84.4 
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26 

10.0 

--.t. 

_ _ 

. 

14 

6.6 

. 



250 

100.0 










« Total number of cocoons giving secondary parasite adults. 


if- 

In their table 1 (8, p. 10), Muesebeck and Dohanian showed that 
the fi^t-generation cocoons of Apanides mdanosedus were heavily 
parasitized, only 28.4 percent producing adults of Apamides, whereas 
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52.8 percent produced hyperparasites and 18.8 perep-nt yielded neither. 
These figures were basecl on nine collections totaling 2,164 cocoons. 
In the present study only 406 first-generation cocoons were collected, 
but they were obtained from 19 localities and during a 3-year period. 

It will be seen that the total para situation of the first generation of 
Apanteles melanoscelus here reported is 20 percent less than that found 
by Muesebeck and Dohanian. It is doubtful whether this difference 
can be attributed to periodic variation. Of course the present 
percentages are based on a much smaller number of cocoons collected, 
and thus may be less representative of the area as a whole, but on the 
other hand the cocoons taken by Muesebeck and Dohanian were 
probably obtained only in fairly heavy infestations of both the 
gypsy moth and its primary parasite A» melanoscelus, and therefore 
may not be as fair a sample of average conditions as is the smaller 
number reported here. Whatever may be the explanation, it is un¬ 
likely that it is to be found in the relative length of the period of 
exposure of the Apanteles cocoons to the attack of parasites in the 
two studies, for in both cases every effort was made to obtain the 
maximum parasitij^ation. The methods of handling the cocoons 
were identical. 

In the cocoons of the se(‘ond generation the disparity is even greater. 
Again referring to Muesebeck and Dohaniairs table {8, />. io), the 
results of the first two series of se(*ond-generation collections (corre¬ 
sponding to the period of exposure of the present collections) were: 
(\)<‘()ons producing hyperparasites, 43.4 percent; cocoons producing 
adult Apanteles^ 14 nercent; and cocoons producing neither hyper- 
parasites nor Apanteles^ 42.(i percent. These percentages are fcased 
on IS individual collections totaling 4,513 cocoons. In table 2 of 
(he present paj)er the measurable amount of parasitization of A. 
melanoscelus reaches the amazing percentage of 84.4, and this is by 
no means the maximum, since the exposure of these cocoons was for 
less than half the time ordinaril}’^ experienced under field conditions. 
However, the percentage given by Muesebeck and Dohanian is based 
only on the number of cocoons producing adults of the secondaries, 
whereas the present percentage is obtained from cocoons which in 
any way were shown to have contained secondary parasites in any 
stage. 

It is of interest to note that the two most abundant species of 
secondary parasites found by Muesebeck and Dohanian were^likewise 
the most abundant in these experiments. _ 

Parasitization in individual collections of the first-generatioii 
cocoons of Apanteles melanoscelus ranged from 5.3 percent in a collec¬ 
tion of 38 to 70.3 percent in a lot of 37. In tlie second generation it 
ranged from 26.6 percent in a collection of 30 cocoons to 100 percent 
in a group of 149. This last collection was of interest because not a 
single Avanteles adult issued and because 143 of these cocoons pro¬ 
duced aaults of Eurytoma appendigaster, with the possibility that the 
remaining 0 cocoons wluch contained dead secondary parasite larvae 
may have been killed also by tliis species. 

• Only one tertiary parasite was reared in the work with Apanteles 
melanoscelus —a single adult of Pleurotropis tarsalis (Ashm.) reared 
from a female pupa of Eurytoma appendigaster, Tliis represents 
only about 0.4 percent parasitization of Eurytoma. 

40474—34-6 
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^PANTELES SOLlTARlUft (RATZEBtlKO) 

Amoiiff the parasites of the satin moth, one, Apanteles solitarius, 
spends the winter in two ways—as mature larvae in cocoons and as 
first-instar larvae in the host caterpillars. Very little information is 
available concerning the parasitization of the overwintering cocoons 
of this parasite, since they have never been plentiful. Difficulty has 
been experienced in obtaining summer-formed cocoons also, but the 
species is increasing quite rapidly, and recently several large collections 
have been obtained of these cocoons spun mostly by larvae which had 
hibernated in the host caterpillars. 

111 HERN ATI N(; ( (R’OONS 

The parasitization of Apanteles solitarius hibernating in cocoons, as 
here recorded, refers only to those individuals which spent the preced¬ 
ing winter in the cocoons. The collections were macle in the spring, 
and it was found that because of the weathering of the cocoons it was 
very difficult to distinguish those which had been formed during the 
previous fall from those a year older. The method adopted was to 
collect all cocoons not having exit holes. This probably resulted in 
a few old cocoons being collected and also in some of th(‘ [larasitization 
of the generation in question being missed owing to the hyperparasites 
completing development and issuing before the advent of cold weather. 
This was hardly to be avoided, however, for in attempting to collw’t 
all the cocoons encountered and to identify the hyperparasites which 
had already issued, the situation would only have been made worse 
because of the mixing together of the cocoons formed in t wo different 
years. 

A total of 44 hibernation cocoons were obtained from eight localiti(»s 
during the tw’^o seasons, 1930 and 1932. The results an' shown in 
table 3. One specimen of Pleurotropis nawnii (Ashm.) was found 
dead within a pupa of one of the undetermined secondary parasites. 

The parasitization in individual collections ranged from 0 to 100 
percent, but the numbers of cocoons in the collections were always 
very small. 

COCOONS OF SVMMER-ISSIUNG CENEHAT10N8 

Eleven 'collections were made of cocoons from which the adults 
would issue during the cun'ent season, 1 collection in 1929, 2 in 1930, 
1 in 1931, and 7 in 1932. Eight localities were included, one of 
oo^hi^ll^Turnished a collection in each of the 4 years. Altogether, 1,520 
cocoons were obtained and isolated; the results are shown in the 
second part of table 3. It will be noted that the percentage of 
cocoons producing adults of Apanteles is considerably higher than 
was the case with the hibernation cocoons, wliich is to be expected 
in view of the v^ry much shorter period in which they were exposed 
to the attacks of hyperparasites. In this connection it should be 
stated that most of the secondary parasites reared from these cocoons 
were found to have developed upon pupae, whereas in the case of the 
hibernation cocoons, and with all the other primary parasites dis¬ 
cussed in this paper, the development of the secondaries has been 
/ipon the larval or the nymphal stage. The writer believes that this 
may be explained by the fact that with these summer-issuing genera- 
tipns of A, solitarius the period spent in the cocoons is very short 
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and the development rapid. Thus the hypcrparasitos bn discovering 
the cocoons only a few days after their fonnatioif find the ApmMes 
already in the pupal stage. In the case of the most abundant second¬ 
ary parasite, Dibrachys boucheamiSj the individuals in 37, or 22.2 
percent, of the cocoons were unable to comi^lete development on the 
pupae thus encountered. Whether this was due to the continuation 
of development in the pupae after the og^s were deposited by Dibrachys 
with the conse<piont diminution in the available food supply for tfie 
larvae, or whether it was the result of superparasitism or of other 
causes is not known. About 3.7 percent of the D. boucheanus were 
killed by Pleurotropis nawaii acting as a tertiary in the pupae, one 
adult issuing from each pupa of D. boucheanus. An additional 
cocoon produced one adult of />. bovcheanns and one of P, iiainailj each 
developing as a secondary. 


Table 3. — Para.ntization of Apcifiteles solilanufiy 


IN 

ITIBERXATIOX CCX’OOXS 







Issiianct^ of parasites 

v‘4pocics of panivite 

; (’ocotin^of 

j .1 sohtanu^ 

1 TIovI 
! cocoon.s ! 
.concerned' 

1 
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adults j 
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cocoon 
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i 
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1 22 

10 
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0 
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1 
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1 \ 
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IX IMXMIONS OF ST'MMFIMSSI INO OKXKHV'nONS 
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UorUmenuH mteroyasfer (Ashnu’ad) . 

Ifemitfles fuUipes Oravenhorst. 

Pleurotropis nnwaii 

Ululetermined sjiecies. 

Total killed by partusites.. - 
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1 S 
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s ■' 

1,0 
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1 
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■ 3 ! 
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‘2 j 

1 0 

1 

1 0 

1> 

1 0 
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I 



« Toad niinil)er of cocoons giviiiK adulls 
Cocoon gave 1 adult of P. nawaii and 1 of 1) boucheanu^. 

The Apanteles in 7 of the cocoons noted in table 3 as having died 
from unkno\TO causes may have been killed by the fungus Peau- 
Heria ? gloMifera (Speg.) Pic.^ This is loiown to bo a species capable 
of acting either as a parasite or as a saprophyte, and although it is 
considered by some mycologists to be primarily parasitic, there is no < 
evidence in this case to indicate its true status. 


* Wentmcatlon and Infornistion by M. T. Smulyan, formerly of the Iturciiu of Kntomolocy-laboratory, 
Melrose Highlands, Mass. j 
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In table 3 EupUromalm nididans is shown as attacking Apanteles 
solitarius to the extent of L8 percent. This is probably due to the 
fact that Eupteron}.aluSf in hibernating in the satin-moth webs, finds 
these cocoons available very soon after its issuance in the spring. 
It may pass one or more generations wliile acting as a parasite of A, 
solitarus before it again {urns to its more important role as a primary 
parasite of the satin moth. In the period covered by these studies, 
its importance as a parasite of A, (tolitarus is indicated by its attack 
of 1.8 percent of the summer-issuing cocoons, while its value as a 
primary parasite of the hibernating satin-moth larvae is shown by 
its parasitization of 28 percent in all webs examined. 

The hyperparasitism in individual collections ranged from 0 in a 
lot of 18 cocoons to 30.8 percent in a collection of 13. 

Meteorx^s versicolor (Wesmael) 

AS A BROWN-TAIL MOTH PARASITE 

As a parasite of the brown-tail moth Meteorm versicolor pp. 
201-205) spends the winter as a first-instar larva within the pai*tly 
grown caterpillar of its host. Development is completed in the spring, 
and the cocoons of Meteorus are each suspended by a long thread from 
the branches of tlie tree on which the host larvae were feeding. The 
cocoons are so easily moved about by the wind and the foothold is so 
unstable that it is strange that the hyperparasites are able to complete 
oviposition successfully. The process was observed several times in 
the case of Jlemiteles tenellus, where, with much beating of wings and 
repeated short fiights when the balance was upset, it was finally 
completed. 

Although Meteorus has more than one generation upon the brown- 
tail moth as host each year, it seems desirable to treat the coc'oons 
of the various generations as a unit, owing to the tendency of tlic 
generations to overlap and the consequent difficulty of distinguishing 
between them, together with the general scarcity of the cocoons in tlie 
field and the resulting rather small total collected. As shown in table 
4, 357 cocoons w^erc examined. These were obtained in 15 collections 
from 7 localities over a period of 4 years. 

Table 4. —Parasitization of Meteorus versicolor^ 1929- 32 



1 


Issuance of parasites 

Species of parnsite 

Cocoons of 

M veraicotor 

L - 

1 

Host 1 
cocoons 
conoerned 

Total 

adults 

issued 

Average 
adults per 
cocoon 

Hemileles tenellus __ . 

Eurptoma appendigaster (Swederus). . _ 

Cirrospilua cinctithorax (Oir&uit) . 

Monodontomerua aereusWttXker .. 

Kupteromatua nidulans (Thomson). 

Dibrachya boucheanua (Ratzeburg). 

Eupelmua apongipartua Foerster.. . 

Gelia urbanua (Times).. 

Habrocytua phycidia Ashmmii .. . . 

Thyaiotorua triangularia (Cresson).1 

Cndetermined species. 

Number 

60 

28 

3 

2 

2 

1 

1 

1 

1 

1 

8 
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16.8 
7.8 i 
.8 
.6 
.6 1 
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.3 
.3 
.3 
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2 

2 

1 

1 

1 

1 

1 
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60 

28 

27 

3 
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1 

1 

1 

1 

Number 

1.0 
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9.0 
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1.0 
1.0 
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1.0 
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Total killed by parasites-... .. 
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30.3 
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Dead from unknown causes. 

34 

9.5 

__ 



Total. 

357 

100.0 
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In table 5 are ^ivcri the results of some earlier colleotions made by 
various members of the laboratory staff and reared.By C. F. W. Muesc- 
beck and S, M. Dohanian. In comparing: the figures in tables 4 and 
5 it is to be noted that the evident parasitization was greater in the 
cocoons collected for the present study, but this is not strictly true, 
for the degree of parasitization cxpressc’sfl in table 5 probably 
does not represent tlie whole amount but only that of the cocoons 
irorn whicli adult hyperparasites issued. As a conse(iiience, part of 
tlie larger percentage of individuals included in the grouping ‘^Dead 
from unknown causes’^ (table 5) may have been killed by secondary 
parasites. The difference between the percentages of cocoons yielding 
adults of Meteorus in tables 4 and 5 may or may not be significant. 

Table 5.— ParoHitization of Metrorus vvrsicolor, 1921- 


SjH'C'iPs of 


Dibrnchy^i bouchtanuft (Uatzoburn^ 
Monodontovifnis ut'rt'un Wulkt'r. 

JCvpelnunuit sp , . 

Odis sp . 

IfabrocytuH sj) *. 

Jh tnUdcK sp ‘ 

Mcm‘horui< sp 

I'lidetmuiiUMJ species <■. 

Tobil killed by fmrasites.-.. 
\(lults of Af rt'TMcolor issued , . 
Dead from uuknow n causes.. 

'Kotal 


• 'riiese collections were made b> \arioiis iiiemliers of the laboratory stalT The rearing and identifica¬ 
tion of the se(*on<lar.v parasites were by (\ F. W MueselMH'k and S M Dohanian 

Total number of cocoons for which the records are complete a.s reuards the number of secondar> para¬ 
site atlulis to issue from each 

'Phe vsijccimens cannot now be located for .specific ident ificat ion 

It IS doubtful whether the coc<M>ns from which nothing issued were e\amined foi the i>resence of dead 
immature forms. Thu.s some parasitization is probublj included in the calegor> “Dead from unknown 
causes " 

A further comparison of these tables shows that Hemlteles teneUas 
is by far the most abundant secondary parasite in both sets, of data, 
but that the remaining species common to both tables are vah^ible in 
their relative abundance. ^ 

The cocoons which furnished the data for table o were obtained in 
14 collections from 8 localities during 2 seasons. The i)arasitization 
in individual collections ranged from 4.5 percent in a lot of 88 cocoons 
to 59.2 percent in a lot of 71. 

In the present study the parasitization in individual collections 
ranged from 0 in verjr small collections to 95.2 percent in a lot of 21, 
where the Meteorus m 20 of the cocoons were killed by secondaries 
and the remaining cocoon may have been so, as no Meteorus issued. 

A8 A SATIN-MOTH PARASITE 

Since a species of Meteorus known to be morphologically similar to, 
A/. t>ersicolor was found by United States Department of Agriculture 
workers at the Bureau of Entomology laboratory at Budapest, 
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Hungary, to bo a valuable parasite of the satin moth at various pomts 
in‘Europe, many Ci>3oons of this species were collected and sent to this 
country, where the adults were hberated. Subsequently individuals 
of what are believed to be tliis species have been recovered in increas¬ 
ing numbers froni’^both hibernating and summer-feeding satin-moth 
larvae in New England.* C^. E. W. Muesebeck, after a careful study 
of the adults from both the brown-tail moth and the satin moth as 
hosts, stated ^ that in his opinion they are indistinguishable, although 
certain details in the biology of those from the satin motli (such as the 
proportion of sexes) apparently differ from those of the individuals 
from the brown-tail moth. 

Only 9 cocoons have been found and isolated, and of these 6 
produced adults of Meteorus, 1 an adult of Uemiteles tenelluSf 1 an 
adult of Gelis apantelis; the Meteorus in the remaining cocoon died 
from an unknown cause. Both hyperparasites were reared from a 
collection of 5 cocoons made in 1932. It is probable that the degree 
and nature of the parasitization of Meteorus versicolor when it is a 
parasite of the satin moth will be found to be mucii the same as when 
it is a i)arasite of the brown-tail moth. 

HYMENOPTKRA. PTEROMALIDAE 
KdI'TEKOMALCS N1DCL4NH (ThOMSON) 

As pointed out in a previous paper (»9), Enpteronialus nidiilans is of 
much greater importance as a primary parasite, though capable of 
acting either as a primary or a secondary. This im|)ortance has been 
more evident in the last few years in its actions as a primar}^ upon both 
the satin moth (its chief hoist) and the brown-tail moth. In table 0 
it can be seen that the numbers of hibernating found in 

brown-tail-moth bibernacula have greatly increased since 1928, 
although the number of hibernacula examined each year has remained 
about the same (about 250, not taking into account the large collec¬ 
tions made for colonization purposes as indicated in a footnote to the 
table). 

Table {].—Parasitization of Euptcromaliis nidulans 


DmIc of collection, winter of— 

K. nidulans collected— 


ParasitixaTiou by - 


In webs of 
brown-tall 
moth 1 

1 

«90 
• 84 
• /544 
709 

m 

795 
1,769 
3. 78.5 

In w ebs of 
satin moth 

Pleurotropis nawaii 

Pleurotropis tar salts 

1926-27. 

Number 

Percent 

Number 

Percent 

1927-28 . 


2 1 

2.4 j 



1928-29. _.i 



1 

1929-30 .. 


. i 




1930- 31..1 

1931- 32 , .... 


201 

27 

441 

982 

6 

21.0 
3.4 
• 24.9 
•25.9 
10.7 






1930-31 K. ... 




1931-32 «•. 


3 

0.1 

1931-32. 

I 56 

Total. 




8 ,735 

66 

1,659 

18.9 

3 





• The notes on some of these earlier collections are incomplete in regard to the amount of paraslllzation 
figures given here represent only the opinion of the writer after examin* 

^ b The issuance from these collections of the adults of E. nidulans and of its parasites was delayed by 
mfigeration until the middle of the summer of 1931 and 1932, re8{)ectively, so that newly issued adults of 
nidulans would be produced at the desired time for colonisation purposes. 

' number of issuing adults of Eupteromalus and Pleurotropis. 


> in a letter to the writer, dated Nov. IS, 1932. 
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In table 6 it will he noted that E, nidulans became abundant in the 
webs collected durinji: the winter of 1928-29, lilt that the hyper- 
jiarasite Plenrotropls nawaii did not appear in large numbers in the 
collections until 2 years later, although from its abundance at that 
time it seems likely that it had been increasing previously and simply 
had not been obtained in the sam])les takeui. 1\ tarsalis apparently 
oc(‘urs only rarely as a parasite of Eupteroimlus, The percentage of 
parasitization by both siieeies of Plenrotropls based on the total num¬ 
ber of Eupteromalas collected in the entire period is 18.9. This 
percentage is somewhat smaller than those obtained from the large 
collections of brown-tail-moth webs made for colonization purposes. 

(.Comparatively little is knowm of the extent of parasitization of 
Eapteromalus wl\cn it is a ])rimary parasite of the satin moth. General 
observations indicate that under these conditions it has always been 
rather negligible. During the winter of 1931 32 Plenrotropls nawaii 
was found attacking Enpteromalus at 3 of the 11 localities wdiere the 
latter was parasitic, upon the satin moth, when the per(*entage of 
parasitization was only 10.7 for the area as a whole. At these three 
points Eupteromalus had been abundant in the hibernacula of this 
liost during the previous 2 or 3 years. 

miTKHA, TACHINIIMK 
CoMI*SlLlK\ I'ONH’INNAT.V MekJEN 

The tachinid (Jompsilara concitinata (3) is one of the most important 
j)arasites of the gypsy moth, the brown-tail moth, and the satin 
moth, and in addition it attacks a variety of other hosts of lesser 
(unnomic importance. Although the puparia of this species are 
usually formed at or just below the surface of the ground, as with 
most tachinids, yet wiien (/. eoticlnnata is a parasite of the brown-tail 
moth, the [)uparia arc normally formed near the host its(if, the larvae 
not dropping to the ground. This is true to a lesser extent when the 
gypsy moth is the host. As a result, a great many inore puparia 
were obtained from the cocoon masses of th(» brown-tail moth than 
from any other host. 

AS \ «U()\VN-T\1L M(»TH IMHNSITE 

A total of 771 puparia of Compsilnra as a pjirasite of the. brow7i-tail 
moth was ol)tained in 39 collections from 18 localitic^s over a period of 
4 years. As indicated by these figures, many of the collec^^pns were 
small, but even among the larger lots the parasitizati()n rang*-‘|]|from 
0 in a colhu'tion of 28 puparia to practically 100 pejcent in a lonTf^2, 
wiiere 31 w7U‘e found to have been killed by Monodoutomerus aereus 
and the other died from an unknown cause. The average percentage 
of parasitization is very high, as shown in table 7, Af. aereus causing 
more than two thirds'of the total amount. This species has long 
been known to be an important parasite of Compsilura, but to what 
extent had never been determined until the present study was made. 
Its increase is made the greater by its ability to mature an average of 
7.8 adults to each puparium of its host. Ot the 2,047 adults reared, 
1,000 were males and 987 females. 

Monodoutomerus aereus in turn was parasitized by Pleurotropis 
nawaii, 89 individuals, or 4.2 percent of the total, having been rearetl 
as against 2,047 adults of MonodoiUomerus. 
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Table 7. —ParasUization of Compsilura concinnata when it is a parasite of the 
brown-tail mpth^ the gypsy mothy arid the satin mothy 19^9-3^ 

AS A PARASITE OF THE HHOWNT-TAIL MOTH 


Species of parasite 


Monodontomerwt aerem Walker.... 
Eurytoma apperidigaster (Swederus) . 

Dibrachys bottchfanu^ (Ratzeburg)_ 

Brachymeria compsilurae (Crawford). 
Puyehophagus ommvorus (Walker).. 
Undetermined species. —. 

Tot^l killed by ^)arasites-. . 
Adults of Compsilura issued. 

Dead from unknown causes. . _ 

Total- . 


JHcrachys Itoitcheauns (RatzeburK). > - - 
Brachymerta compstlurae (Crawford). 
Miotropis disiocampae Ashinead .,. 
Undetermined species. 


Total killed by parasites... 
Adults of Compsilura issued. 
Dead from unknown causes .,.. 


Puparla of 
Compsilura 


Total . 


Brachymeria compstlurae (Urawdord). 
Phygadeuon subfuscus Cresson. , .. 

TMbrachys bouchcanus (Ratzeburg)_ 

PsycAo^agus ommvorus (Walker) 

U udetermlned species.. _. 

Total killed by parasites ... 

Adults of Compsilura issued. 

Deaci from unknown causes_ . 

Total. 


- !l 


Number 

Percent 

H24 

42.0 

27 

3.fi 

14 

1.8 

i 

J 4 


.<> 

80 

10 4 

4G1 

59. S 

190 1 

25 4 

114 1 

14 8 j 

771; 

100 0 1 

’HE UYPSV M(J'J 

21 

1 <( 8 1 

17 

I •' ' 

11 1 

-1 

:i G 1 

m j 

10 3 ' 

1H2 

1 59 5 , 

74 1 

24 2 1 

aoG j 

1 

UKl 0 1 

['HE SA' 

MX MOI 

1 

IM i 

1 

nil 

1 


^ 1 

1 112 

4 I 

44 5 

! 

' 33 3 

2 1 

22 2 

9 1 

lOO 0 

J 


Issuance of parasites 


Host 

puparia 

concerned! 


iVu mher “ 
204 
24 
12 
II 
4 


Total 

adults 

issued 


Number 

2,047 

24 

192 

11 

2^) 


21 
17 i 


Average 
jadults per 
pupununi 


Number 
7 8 
1 0 
10 0 
1 0 
0 2 


214 

17 


10 2 
1 0 


1 0 
I 0 
1 0 
1 0 


“ Total number of puparia giving secondary parasite adults 

bowheanus was also attacked by Plturotrovis vavxiii, 192 
"S(hil|^ of Dibrachys having been reared and 13 individuals of Pleuro- 
tropis, a parasitization of 6.3 percent. 

One adult of Pleurotropis tarsalis was reared as a parasite of Eurytoma 
appendigaster, which would represent a parasitization of 4 percent. 


AH A OTPHY-MOTH PAKA8ITE 

Considerably less is known regardii^ the parasitization of Compsilura 
when its host is the gypsy moth. The puparia are very difficult to 
find unless both host and parasite are especially abundant; and even 
then, in several cases where special efforts were made, none could be 
fpund in or on the groimd. A total of 306 puparia have been obtained 
in five eailections from as many localities over a period of 3 years. In 
the secoid part of table 7 the percentage of parasitization of Compsilura 










Keh 15, i9a4 Ilyperjxivasltisfn in Lepidopterous Tree Defoliators 371 

as a gypsy-rnotli parasite is shown to be considerably .lower than was 
the case when Compsilura was parasitic upon tjio brown-tail moth. 
While based on a much smaller number of pupariu, this percentage is 
not greatly diffen'nt from the parasitization of Compsilura when a 
parasite of the brown-tail moth if that part due to Monodojitoinerus 
IS subtracted. In this case the primary lej>idoj)terous host is one not 
especially subject to the attack of Monodontornerus, In fact iMono- 
dontomeruH was not reared at all from these collections, although it is 
very generul in its hyperparasitic habits. 

The t)arasitization in individual collections varied greatly, but that 
of one large collection totaled 15.5 percent. 

A record of the rearing of Conostigmus n.sp. from a puparium of 
Compsilura is on file at tlie Melrose Highlands laborator}^, the pu¬ 
parium jfrobably having been obtained from the gypsy moth as Itost. 

AS A HATIN-MOTH IMHVKITK 

As a parasite of the satin moth, Compsilura has been abundant at 
several f)oints in the infested area in New^ England, but despite con- 
siderabl(‘ elfort practically not puparia could be collected at these 
points. As a result only 9 pu))aria were obtained in 2 collections from 
2 lo(‘alities, made in dillV^rent years; the first collection consisting of 
pup.aria from the surface of the ground and the second of puparia 
taken from *‘spin-ups’' (the slight W’^ebbing spun by the host larva to 
hold it to the leaf during the pupal period). The third part of table 7 
shows the parasitization in these 9 puparia, and wdiile in no w’^ay 
conclusive, it does indicate that about the same species of hyperpara¬ 
sites, except for Monodoutomerus, attack Compsilura when it is a 
parasite of the satin moth as when it parasitizes the gypsy moth or the 
brown-tail moth. 

One interesting point is the rearing of an adult of Dibrachys bouche- 
anus and one of Psychojfhagus omniroriis from the same puparium, 
where a])parently neither interfered with the development of the 
other, both sj)ecies being generally gregarious. 

EXPERIMENTAL EFFORTS 

Because so few' puparia were obtained at infestations of the gypsy 
moth and the satin moth, newdy formed puparia of Compsilura con- 
cinnata w ere taken from the laboratory into the field at infestations of 
these hosts and exposed to the attack of hyperparasites. \^total of 
680 puparia w^ere exposed in various w^ays at several infes*. jpns. 
After a period of 1 w'cek careful search resulted in the tinding of only 
113 puparia intact, the othei’s having been destroyed by an unknown 
agency. No hyi)erparasites were reared from any of these 113 puparia. 

Sturmia NiDiroLA (Townsend) 

The important \nmsiic Sturmia n idicola (6) is specific upon the 
brown-tail moth, forming its puparium wdthin the laiwal skin of tlie 
prepupal host larva. It spends the winter as a first-instar larva within 
the esophagus of its host, from wiiich it migrates when feeding is 
resumea in the spring. A total of 1,331 puparia were obtained in 31 
collections from 17 localities in the New' England area infested with its 
host, from 1929 to 1931, inclusive. Table 8 gives the results obtained 
from these collections. 
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Tabli^ 8. —Parasitization of Sturmia nidicolaj 1929-31 



1 

j 


Issuance of jiarasites 

Species of pArosite 

Puparia of 

3. mdicola 

Host 

puparia 

concerned 

Total 

adults 

i.sbucti 

A verage 
adults per 
imparlum 


1 Ninnbn 

Percent 

Number 

Number 

Number 

Momdontomerus aerem W^ilker.. . 

\ VJ\> 

« 7 

a 122 

739 

6 0 

Brachymeria compsilurae (Crawford)__ - 

62 

4 7 

62 

1)2 

1 0 

Itoplectxs conqumtoT (Say)... . . . 

Undetermmed species.. 

' 1 
122 

. 1 
y. 1 

i 

1 

1 0 

Total killed by secondary parasite.s_ 

\ _ . 

314 

23 6 

- - 

- -- 

. 

Adults of 3. nidtcola issued.. 


39 6 




Dead from unknown causes.. 

4lM) 

\ 3« S 


. ... 


Total... 

1,331 

KM) 0 1 

i 


. 

. 


“ Total number of pii{)aria producinR secondary parasite adults 


It will be noted that 36.8 percent of all puparia (‘ollected were ‘M('ad 
from unknown causes.’^ This high unexplained mortality was evident 
in all collections and amounted to over Jialf in sojue. It is not known 
whether this was produced by the oviposition activities of Mouodon- 
iomerus aereu>s and other secondaries, but it is suspecttal that such 
was the case, at least in part. 

Monodontoruerus aereiis is again the most> abundant liyp(‘rparasite. 

SiarUMIA SCT^TELLVTA (RoBlNEAC DeSVOIDV) 

Sturmia scutellatay a large tachinid, is practically a specific parasite 
of the gypsy moth in New England, laying its (ggs on the foliage, 
where they are eaten by the larvae of about the fourth instar. Tlie 
maggots, when they have completed development, issue from the pupac' 
of the host and drop to the ground, which they enter to a depth of 2 
or 3 inches. They pupate and remain in the ground until the following 
May or June, when the adults emerge. Parasitization therefore takes 
place either before the Sturmia larvae leave the host, or after they hav(5 
burrowed into the earth. It is known positively that in the case of 
two species mentioned in table 9 \Brachynierla and Perilampus) the 
attack occurs before the maggots of N. scufellata have left the host 
pupae. Such may be the case with Coriodigmus and Phygademn also, 
althoiiglythis point could not be proved, as the puparia in the collec¬ 
tions fi^n wdiich these species issued were allowed to remain in the 
gwfflfm for some time after the maggots had entered or else w^en* kept 
in containers which liyperparasites might have entered, and hence 
the attack could have occurred after the puparia were formed. 

One thousand three hundred puparia were obtained in 10 col¬ 
lections from C localities over a period of 5 years, as shown in table 9. 
Most of these pup'aria were obtained by making collections of gypsy- 
moth pupae from localities in wluch Sturmia scutellata was known to 
be abundant. These pupae were concentrated around the base of a 
tree over a piece of wire screening sunk about 1 foot below the surface 
of the ground. The earth was later sifted for the puparia which had 
been formed by the larvae thus allowed to leave the hosts and enter 
the soil in a nearly natural manner. The puparia were then carried 

«PrautlcaHy all the work with this species was done by T, TJ. Jones and assistants, of the Bureau of Ento- 
moWi?y»^ Melrose Highlands, Mass. 
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through tlie period of hibernation in soil or in ^ars >^tli provision for 
an adequate moisture supply. 

Tablk 9. —Parasitizniton of Sturmia scAitellata, 1927 Si 


Species of parasite 


lirachyineTia cnmjmlurae (Crawford) .. 

iMeganpilm) Conostigmus vtrgmicu^ (Ashmead) 

J*erilampii8 hyatimm Sixy ... 

Phygndtuon aubfuscua Cresson... 

Total killed by parasites.. 

Adults of jS. acuietlata issued__ , 

Dead from unknown caitses.. 

'PotaL ..-. 


Issuance of parasites 


Puparia of 

S’, scutellata 

Host 

Total j 

Average 

* 

1 

puparia 

adults 1 

adults per 


i 

concerned 

issued I 

Iiuparium 

Number 

Percent 

Number 

Number 

Number 

121 

0 3 

-117 

117 

1 1 0 

24 

1 8 

24 

224 

t 9 3 

1 

.1 

1 

1 

! 1 0 

1 

. 1 

1 

1 

1 1.0 

147 

11 3 


i 

500 

()53 

38 5 


1 

50 2 

i '/ _ 1 ---- - -1 - 



1.300 i 

1 100 0 

1 


1 


1 

! 



« 'Potal mimbei of puparia niMiii? '^eeondmy parasite adults 

^ Determined b> I’ H Dovsden. of the Huieau of Kntomolo}*> laboratory. Melrose Hittlilands, Mass 


It is seen in table 1) that Sturmia scutellata is not extensively para¬ 
sitized. Probably the figures given do not represent the full amount 
of parasitizatioii, as no puparia failing to yield adults of S. scutellata or 
its parasites were examined for the cause of death except in 1932. The 
numbers omitted would add onlj’ slightly to tlie total number killed 
by parasites, liowevfT, since the greater part of tliose recorded as 
‘‘dead from unknown causes^^ inay well have been those individuals 
which failed to hibernate successfully, as it is known that there is 
considerable mortality from this caus(\ Brachymeria compsilurae is 
by far the most important parasite of Sturmia scutellata. 

In table 10 are brought together all tlie available data concerning the 
abundance of Brachymeria obtained in experiments performed by 
various members of the laboratory staff. These experiments were 
carried out for other purposes, and no attention was paid to any 
hyperparasites other than B. compsilurae. The huge total of 24,070 
plipana was obtained over a period of 4 years and from many locali¬ 
ties, so the percentage yielding Brachymeria is very dependable. This 
is not greatly different from the percentage shown in table 9. 

Table \i). —Parasittzaiion of i<turttna fiCuUilnta by Ptachymeria\(intpsilnraei 

1925 21 and 19S1 


Item 


Killed by Brachymeria compsiturae . 

Adult iS’ scutellata issued. 

X>ead from unknown causes. 

Total.-. 


I 

i rupana of S’ scutellata 

I 


Number 

Percent 

1,938 

11,586 

8.1 

48.1 

10, 546 

43.8 

I 24,070 

1 100.0 


Cauoelia laxifrons Villkneuve 

The tachinid Carcelia laieifrons {1, p. 136) has never been abundant 
enough to permit the making of large collections, but its puparia tire 
occasionally encountered in the pupal “spin-ups” of the brown-tail 
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moth. Eighteen puparia were obtained in 4 collections from as many 
points from 1929 toij931, inclusive. Eight puparia produced adult 
Carcelia^ 2 yielded hyperparasites, and the remaining 8 pupae died 
from unknown causes. Of the 2 killed by secondaries, 1 produced 
Brachymeria commilume and the other was found to contain many 
dead larvae of Monodontomerus aerem. 

It is probable that the puparia of Carcelia laxifrom will be found to 
be attacked by the same species of parasites and about as often as are 
those of Cornpsilura when the latter is acting as a parasite of the 
brown-tail moth. 

Tachina mklla Walker 

The only native primary parasite discussed in the present paper is 
Tachina tiiella (I, p. the others all having been imported for the 
control of the gypsy moth, brown-tail moth, satin moth, or oriental 
moth. Only three puparia of this species have been collected, and in 
each case it was a parasite of the brown-tail moth; these were found in 
different years. 7". wella o(‘curs but rarely as a parasite of the brown- 
tail moth or at least the pui)aria are not readily found. Of the 3 
puparia collected, 1 produced an adult fly, 1 yielded 0 adults of 
Alonodojitomem^ aereun, and the third pupa died from an unknown 
cause. 

CuAETEXOllISTA JAV4NA BrAITER AND BeRCJENKTAMM 

An important tachinid parasite of the oriental moth has been 
liberated only recently, but has gained a foothold so quickly that it 
was possible to obtain 01 puparia in three <‘()llections from the inh'sted 
area of New England in 1932. This tachinid is Chaetexorista jarana. 
Every puparium yielded an adult fly. 

The puparium of tlie parasite is formed in the spring within the 
hibernation cocoon of its host, the latter being so very hard and thick 
that it is broken only with considej*ablc difliculty. Under these condi¬ 
tions it is not surprising that no hyperparasites were reared. How¬ 
ever, 1 of 78 cocoons of the oriental moth collected for another purpose 
at Jamaica Plain, Mass., in 1930, was found to contain a puparium of 
Chaetexorista which, when examined some time later, contained many 
dead adults of a species of Alelittobia, Possibly the attack occurred 
in the laboratory, as a member of this genus (M. acm^ta Walker) is 
known to be a laboratory pest (4, 209)^ but apparently the present 

species ia^ble to penetrate the cocoon and puparium to effect ovi- 
^positijijipr Perhaps other vspecies may be found to do the same in 
spife of the nature of the cocoon. 

CONCLUSIONS 

From these investigations it may be deduced that hyperparasites of 
the gypsy moth, the brown-tail moth, the oriental moth, and the satin 
moth play a considerable part in the reduction of the numbers of the 
primary parasites here considered, a general average of almost one 
third of the cocoons and puparia being destroyed by them. 

In almost every case, each primary parasite lias one species of 
secondary parasite which is far more abundant than any other. In 
general, this was found to be true in the individual collections and 
from year to year. Except in the case of the tacliinids, where one 
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might expect the stimulus for oviposition in *the^ piiparia of the 
different species to be much the same, the chief iiypcrparasitic species 
was not the same for any two primary parasites. 

A summary of tlie 10 preceding tables is given in table 11 with the 
inclusion of the corresponding data on Carcelia laxijrons and Tachina 
mella. 

Table 11 .- Summary of paranitizaiion in New England of the primary parasites 
of the gypsy rnoth^ the brownAail moth^ the satin moth^ and the oriental moth 


Primary parHSite 

Adult primaries 

Primaries 

attackeil 

Dead 

from 

issued 

by secondaries 

unknow 

n causes 

* 

Nunihn 

Percent 

Number 

Percent 

Numher 

Percent 

lacfetcoloT .. 

H40 

55 1 

70 

5.0 

608 

30 0 

ApanUien vithumcdua 1.. 

210 

51 7 

132 

32 5 

64 

1.5.8 

Apanteles melaimrdun \i 

25 

10 0 

211 

84 4 

14 

5.6 

Apanteles tiolitnriun, wiuU'f wcooiis. 

22 

.50 0 

12 

27 3 

10 

22.7 

Apantdrs solitariuH, summer Ktuicratioris 

974 

03 8 

304 

10 0 

248 

16. 3 

Aleff-onut rnsicolor, W2\~'22-. _ . 

341 

53 3 

140 

2:1 3 

150 

23 4 

.l/dforu.f lYr-tiro/or, 32- . . . 

215 

00 2 

108 

30 3 

34 ’ 

0 5 

Ku/^eromafus nidulam. . _ - .. 


_ 

1,602 

IS 0 


. _ 

VompnUvrn conanmifa ou bro\^ n-tml molh 

m 

2.') 4 

461 

.50 8 

114 

14.8 

(^ompsituru cmidniiatn on iryp-sy moth 

182 

50 5 

.50 

16.3 

71 

24 2 

CompKtlura concinmtn on siilm uiotli . . 

' 3 

3.1 3 

4 1 

44 5 

; 

22 2 

Sfurmta mdirola . 

t 527 

30 r. 

314 ! 

23 6 

i 400 1 

36 8 

Stiirmia ncuttllnfa, 1‘,127 .tl . 

i 500 

.'18 5 

147 j 

i U 3 

6 . 5:1 1 

.50,2 

Sfurmta xcutellata, \nrn)Ht> r^ioouls .. 

! ]l,5Sfi 1 

48 1 

1,038 1 

1 « 1 

10, .546 1 

43 8 

('arcdia Utiifrniiit. .. ... 

1 8 : 

14 4 

- 1 

1 • 

«! 

44.5 

Tiidiim mdfa. . . 

i ^ 

,13 3 

1 

i 33 3 

1 

3,1.4 


SUMMARY 

Only 5 p(U’cent of the cocoons of ApanieJei^ lacfeicolor were proved 
to liav(‘> been killed hy secondary parasites, although not all the 
parasiti/ation was measurable. Adult Apanieles issued from 55.1 
per<‘ent of the total number collected, which is a higher percentage 
than is found in many of the other parasites. Kupieromalus vidalans 
was the chief hy])erparasite. 

Parasitization of the cocoons of Apanielef< melanoiicehts was found 
to be 32.5 percent in the first generation and 84.4 percent in tlie second. 
No effort was made to obtain a large collection of the second-genera¬ 
tion cocoons, but of the small numlier received, adult A. tnelanoseelns 
issued from 10 percent. Eurytoma appendigaster was the most 
abundant parasite of the cocoons of both generations. 

Hibernation cocoons of the parasite Apantelex solitariux yjelded 27 
percent of lij'perparasites, and those formed during the’ summer 
showed 20 percent attack by secondaries. Adults of ^1. xolitarius 
issued from half of tlie liibernation cocoons and from 04 percent of 
tliose of the summer generations. Dibrachys boiiclieaiius was by far 
tlie most abundant parasite of the cocoons of all generations. 

Thirty percent of the cocoons of Meteorvx rerxivolor were killed by 
parasites, and 60 percent yielded adults of Meteorus. Hemitelex 
tenellufi was the chief parasite. 

Of the individuals of Kuvteronnalm nidulans collected from all 
Rour(*es, 19 percent were killea by secondaries, and most of the remain¬ 
der issued as adults. Pleuroiropis nmvaii was the only secondary 
parasite of any importance. ^ 

The parasitization of Cornpsihra convinnnta is iiresented as found m 
relation to the three important primary hosts. As a parasite of the 
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brown-tail motll, C: concinnata was attacked chiefly by Monodon- 
tom£rus aereus; as a parasite of the gypsy moth, cliiefly by Dibrachys 
boucheanus; and as a parasite of the satin moth, in the few cases 
found, by several equally. 

Parasites killed 23.6 percent of the piiparia of Sturmia nidicola, and 
adult Sturmia issued fronr40 percent. Monodontomerus aereus was 
the most common secondary parasite. 

The parasitization of Sturmia scuiellata was found to be 11 percent, 
with Brachymeria compsilurae responsible for 9 percent of it in the 
present study and 8 percent vrhen based on a total number of 24,070 
puparia obtained in another experiment. Adult S, scutellata issued 
froni 38.5 percent and 48 percent of the puparia in the two groups. 

Eighteen puparia of Carcelia laxifrons collected showed 2 (11 
percent) parasitized, 1 each by Brachymeria, compsilurae and Mono- 
dontomerus aereus. Adult Carcelia emerged from 8 of the remaining. 

Three puparia of Tachina mella yielaed 1 adult fly, 1 killed by 
Monodontomerus aereus^ and 1 dead from an unknown cause. 

No parasitization was found in the puparia of Chaetexorista, javanay 
although a single puparium obtained in another experiment contained 
adults of a species of Melittobia. 
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THE RELATION OF “DARK CENTER” Tff THE COMPOSI¬ 
TION OF RUTABAGAS' 

By E. B. PIoLLAND, rencarch profenHor, and C. P. Jones, as‘ts/„s7a?d- research pro~ 

fessoTf Deparlinent of Plant and Animat Chnnisiry, Mafotarhasetts Agrindiurol 

Experiment Station ^ 

INTRODUCTION 

‘^Dark center’’ of rutabaga {Braasica cavipefdrls L.) is a well-known 
disorder that occurs in New England, Canatla, and portions of Europe 
and New Zealand. It has become so prevalent, in certain sections of 
Massachusetts as to destroy the marketability of a large percentage 
of the rutabaga, crop. 

Dai’k center is chai*acterized by irregular dark streaks in the paren¬ 
chyma of the rutabaga, with the formation of more or less stringy 
fibers, and in some instances a water-soaked area; hence the names 
^^mottled heart”, ^Svater core”, etc. Those changes develop rapidly 
about the time of harvesting, but have not been correlated with any 
fungous or bacterial disease so far as noted. W. II. Davis, of Massa¬ 
chusetts State (V)llege, made cultures on agar and found the tissue 
sterile. He did find, however, by microscopical examination, a 
l)reak-down of the (‘oll walls similar to edema, which would seem to 
indicate a functional disturbance due to environmental conditions. 

ANALYSES 

Bushel samples of su])posedly nonnal and affected Purple Top 
rutabagas were drawn from a field in North Eastham, ^lass., in 
1932 and submitted to the laboratory for analysis. The roots 
averaged 922 g in weight. Of the 28 apparently normal roots, Hi 
showed dark streaks when halved vertically, and these were excluded. 
The 31 affected rutabagas contained 1 marketable root, which w^as 
likewise excluded. Neither fibrous formations nor water-soaked 
areas were observed in the 30 vspecimens retained. These are probably 
symptoms of a more advanced stage of the disorder. 

The selected rutabagas were sliced, dried quickly, ground to pass 
a 1-mm sieve, and produced satisfactory yellowish meals of similar 
appearance except that the meal fi-om the affected roots wxxs slightly 
darker. The two samples were analyzed by the ordinary methods. 
The results are show n in table 1. 

As compared wuth averages published in various compilations, the 
normal rutabagas were high in earbohy<lrates (nitrogen-free extract), 
especially total sugars, and correspondingly low’^ in protein, fiber, and 
ash. They 'wero of excellent quality as a table product. The roots 
affected bv dark center suffered a substantial loss in nitrogen-free 
extract, with an increase in ])rotein, fiber, and ash. The loss in total 
sugars was partly compensated by gains in pentosans and galactan 
(gums). 

* Received for publication Nov. 0,1933; issued April 1934. Contribution no. 179 of the Massachusetts 
Agricultural Experiment Station. 

»I'he writers are indebted to G. B. Snyder and R. W. Donuld.son, of the Massachusetts Slate College, 
for data relative to the dark<center disorder and its distribution. 
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Table ].— Analyses (percent) of Purple Top rutabagas v>hen normal and when 

affected with dark center 

, [Results on dry-matter basis] 


Constituent 


Original moisture... 

Crude protein (NX6.25). 

Total nitrogen.. 

Amino nitrogen (Van Rlyke)... 

Nitrate nitrogen. 

Crude fat (etber extract). 

Nitrogen-free extract—. 

Dextrose. 

Sucrose.-. 

Residual carbohydrates as 
starch **.... 


i 

Af- 



Af- 

Nor¬ 

mal 

fected 

with 

dark 

Constituent 

Nor¬ 

mal 

fected 

with 

dark 


center 



center 

8« 70 

88.72 

N 1 trogen -f ree extrac t - C on t i nued. 



.*) »4 

0.21 

Pentosans. 

7,39 

9.89 


1.47 

Galactan. 

2 79 

0.03 

.11 

. 18 

Crude fiber (cellulose).-.. 

7. 28 

10.85 

(«) 

1 31 

(“) 

1.20 

73.11 

Crude ash... . - ... 

4 07 

I h. 03 

Acid-soluble ash..... 

4.04 

1 .5. 6:< 

81 40 

Acld-insoluble ash. 

.03 

00 

48 53 

30. 00 

pH at 25® C. 

f) 7f) 

5.03 

12 17 

10.87 



7 47 

7.90 



i 


« None. 


Little, if any, true starch present. 


The initial effect of dark center is the dissipation of an appreciable 
proportion of the sugars, but to what purpose it is at present impos¬ 
sible to state. 
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SIZE, SHAPE, AND ORIENTATION QF PLOTS AND NUM¬ 
BER OF REPLICATIONS REQUIRED IN SWEETPOTATO 
FIELD-PLOT EXPERIMENTS' 


By Ross C. Thompson ^ 

Associate horiiculiurisi^ Division of Fruit and Vegetable Crops and Diseases, Bureau 
of Plant Industrij, United Stales Department of Agriculiure 

INTRODUCTION 

The ultimate oliject of field-plot experiments is not only to record 
the differences in behavior of plants of different kinds or of plants 
subjected to various treatments, but also to determine whether those 
differences in beliavior are really sijrnificant, whether they are due to 
the treatments applied, or whether they are the result of some chance 
disturbing factor. To do this it is necessary to employ various 
methods for estimating the error that is certain to attend experiments 
of tliis kind. The many sources of variation that may contribute to 
error in results from such experiments make it essential that every 
available means be utilized to eliminate or reduce error in plot yields. 

Numerous investigations conducted on field-plot techinc during the 
last decade have demonstrated the imf>ortance of size, shape, and 
replication of plots in reducing error. The value of statistical meth¬ 
ods in interpreting results from field experiments has become widely 
recognized. Those variations due to chance can be satisfactorily 
accounted for by statistical methods, but it must be borne in mind that 
errors due to poor teclmic cannot be removed by statistical analyses. 

Salmon has pointed out some of the limitations of statistical 
interpretation of results from field experiments and has emphasized 
the importance of good judgment on the part of the experimenter. 
»rudgment and care in selecting uniform land, in handling field opera¬ 
tions, and in the technic used in measuring, weighing, and computing 
yields must be exercised, or statistical treatment of tlie results will be 
of no avail. The application of statistics to yield records‘will not 
eliminate errors resulting from carelass methods in planting and in 
harvesting and recording yields. It is only when careful attention 
has been given to these operations that statistical treatment of the 
results can be expected to give trustwortliy information. Under any 
other condition statistical interpretations may be misleading. 

Before any extensive field experiments with a crop are made, it is 
important that the size of plot and the number of replications required 
to give accurate results be ascertained. In the spring of 1929 the 
experimental work outlined in tliis paper was begun for the purpose 
of determining the size and shape of plot and the number of replications 

» Received for publication July 12, 1»33; issued May 1934 

* The writer is indeMed to G. N. Collins, Division of Oenetics and IJiophysuis. and C. S, Scofield, Divi¬ 
sion of Western Irrigation Agriculture, for reading and criticuing the manuscript, and to A. M. Jackson, 
formerly scientific aid in the Division of Fruit and Vegetable Crops and Diseasas, for as.sistaiice in the 
matbematieal oomputatJons. 

3 Keferenoe is made by number (italic) to Literature Cited, p. 399. 
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necessary to rediici. the error in plot experiments with sweetpotatoes 
to .the lowest liri.it possible under field conditions. 

• REVIEW OF LITERATURE 

A survey of the literature on the standardization of field experi¬ 
ments shows this to have been a fertile field for investigation during 
the last 20 years, as indicated by the number of articles published in 
scientific journals. No attempt will be made here to review the 
entire field; only a few articles having a direct bearing on tliis problem 
will be mentioned. 

Wood and Stratton {10) in 1910 were among the first to apply 
statistical methods in interpreting results from field-plot experiments. 
They emphasized the need for caution in interpreting results from 
field experiments and outlined methods for statistical analyses. They 
determmed the probable error of results from field plots of mangels 
by tw'o methods and found it to be about 5 percent of the crop. The 
experimental error they found to be independent of size of plot, 
provided a plot of one eightieth of an acre or larger was used. By 
statistical analysis they determined the ntimber of plot replications 
necessary to give significant reduction in error. 

Mercer and Hall (6') in 1911 applied statistical methods to field 
experiments with mangels and wheat in determining the size of ])lot 
and the number of replications necessary to reduce the probable error 
to practicable limits. They found that the error diminished wit h the 
increase in size of the plot, but the difference in error was of little sig¬ 
nificance w'hen the plot size was increased above one fortieth of an 
acre. By increasing the number of similarly treated plots and scat¬ 
tering them over the experimental area, they found the reduction in 
the probable error to be significant up to five replications, beyond 
which the change was insignificant. For practical purposes in field 
experiments they recommended the use of five plots of one fortieth of 
an acre each, systematically distributed over the area to be used for 
the e.xperiinent. They concludeii that there is little difference in 
error between long narrow plots and square ones. 

Day (5) in 1920, in a study of three thousand one hundred 5-foot 
row units of Fulcaster wheat, concluded that where plots of a given 
area are to be used the greatest accuracy can be obtained from long 
narrow plots lying in the direction of the greatest soil variation. 
Where the experimental area showed about equal variation in length 
and width, the shape of plot was found to have no influence on the 
results. Units of comparison composed of systematically distributed 
plots gave much less variable results than an equal area in a single 
plot. 

Westover (.9) in 1924 determined the size of plot and the number of 
replications necessary in field experiments with potatoes under condi¬ 
tions such as exist in the potato-growing distnets of West Viiginia. 
He concluded that reUable results may be obtained from the use of 
four systematically distributed 40-foot single-row plots. 

Christidis {2) in 1931, in a general discussion of the Question of the 
effect of shape of plot on the reduction of error in field experiments, 

E resented data from various sources and made statistical comparisons 
etween field plots of various shapes. In no instance did he find 
squtoe plots to be significantly more tmiform than long narrow ones. 
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In cases where the long narrow plots did not shov# an advantage over 
square plots, there was no indication in favor of eiiher shape. The 
advantage of long narrow plots over square plots was found to be less 
significant when the greater dimension of the plots ran at right angles 
to the direction of the rows. He considered a very small factor for 
the ratio of width to length of plot to be desirable for yield trials from 
a theoretical standpoint. However, ho concluded that there are some 
practical considerations which may make it desirable to increase the 
width of plot in relation to its length. 

MATERIAL AND METHODS 

The yiehl re(‘ords used in the present studies ^vel•e taken from four 
plantings of sweetpotatoes {Ijtomoea batatas (L.) Lam.) of the variety 
Porto Rico, grown during the seasons of 1929, 1930, and 1931 near 
Beltsville, Md., and Florence, S.(\ The j)lants were spa(‘ed 15 inches 
apart in rows 3 feet apart. The best plants from the first [)ulling from 
tlie plant bed were used; all small and inferior plants were discarded. 
In general, a satisfactory stand of plants was ol>tained from the 
original settings except in the 1929 planting at Beltsville. Dry 
weather following setting in 1929 resulted in a considerable loss of 
plants, but the missii\g hills of the entire area were replanted within 
10 days of t\w first setting. Since weather conditions were more 
favorable at this time, the plants started growth more rapidly than 
tlu^se from the first planting, and after a few weeks there was no 
ap])arent dill’erence in the two plantings. Little or replanting was 
necessary in 1930 and 1931. The stand in all cases was about as 
satisfactory as could be obtained on areas as large as those used. 

Throughout the grow ing season weeds were kept dow n by the usual 
horse cultivation and liand hoeing. 

(Vire was exercised m harvesting to prevent the movement of the 
roots in the row from one 15-foot unit to another and to insure the 
removal of all roots from the soil. It was found necessary to remove 
the vines from the plaiits before plowing out the roots. 

Records were taken for the yield for each 15-foot unit of row. The 
yields were recorded to the nearest (piarter of a pound. All small 
roots were excluded from the weight records, the sam(‘ stapdard of 
grading being followed as nearly as possible throughout. 

PIJVNTINO IN 1929 

The first planting was made in the sj)ring of 1929 on a piece of 
sandy loam (‘ontaining some gravel near Beltsville, Md. The yield 
records wTre taken from an area of approximately 1 aci‘e consisting of 
50 row s 300 feet long. 

The land was spring-plowed and fertilized at planting time with 000 
pounds of a 2-8'-10^ fertilizer applied in the bottom of the planting 
ridges. The fertilizer was applied by means of a wheelbarrow^ type 
of distributor and thoroughly incorporated in the soil witli a 7-tooth 
cultivator before the ridges were made. The ridges were thrown up 
at right angles to the direction of plowing. 

The roots used for the growing of the plants w^'re selected from a 
stock maintained by the Division of Fruit and Vegetable (''rops and 
Diseases for a number of years and w^ere grown near Kenilwmrtli, 

* Fertilizer formulas herein used refer to nitrogen, phosphorus, and potassium in the order named. 
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Md., in 1928. Thby were bedded in manure-heated plant-growing 
frames under gla^ at the Arlington Experiment Farm, Rosslyn, Va., 
on April 10 and 11. The “draws” were set in the field May 15 and 
16. As already mentioned, dry weather prevailed at planting time, 
and this resulted in some loss of plants, necessitating replanting. 
The precipitation during .the season was ImsIow nonnal, and a very 
low yield resulted. The crop was harvested October 8 and 9. 

PLANTING IN 1930 

The material for the 19.30 study was grown on a sandy loam soil at 
the Poe Dee Experiment Station (a substation of the South C-arolina 
Agricultural Experiment Station) at Florence, S.C. This land is 
typical of the soil used for sweetpotato production throughout Virginia 
and the Carolinas. The land had been in cotton in i929 and had 
received an application of 840 pounds per acre of a 3-9-3 fertilizer. 
F^rovious to planting in 1930 the area usied was given 600 pounds per 
acre of a 3-8-9 fertilizer and planting ridges were run across the 
direction of plowing. 

Records were taken from an area of approximately 1.6 acres con¬ 
sisting of 130 rows 180 feet long. The plants were set in the field on 
May 30, the same methods being employed as had been used at 
Beltsville in 1929. The slips for planting were grown from roots 
selected from the planting stock of the Porto Rico variety, which had 
been used for a number of years in cooperative work with sweet- 
potatoes by the United States Department of .\griculture and the 
Pee Dee Station. The crop was given the usual care during tlie 
season. While many parts of the country suffered from drought 
during the season of 1930, the sweetpotato crop at the Pee Dee 
Station was not injured materially. It was harvested October 22 
and 23 in the same manner as in 1929, and a fair yield was obtained. 

PLANTINGS IN 1931 

Two lots of material were grown in 1931. The first planting was 
made near Beltsville, Md., on the same type of soil as in 1929. Yield 
records were taken from an area,of approximately 2 acres, consisting 
of 100 rows 300 feet in length. The same stock was used for plant 
production as in 1929. The roots were bedded in sand in w^ater- 
healed frames on April 20 and 21. 

The land was spring-plowed and a cover crop of rye which had 
been on the land during the winter was turned under. In the spring 
of 1930 this land had also received a green-manure crop of rye and 
750 pounds of a 2-8-10 fertilizer per acre, but on account of extreme 
drought during the growing season of 1930, no crop had been pro¬ 
duced. The land was prepared for the setting of the plants in the 
same manner as in 1929, an application of 750 pounds of a 2-8-10 
fertilizer being used. The planting ridges were run across the direr- 
tion in which the land was plowed. 

The plants were set in the field on May 25 and 26, and the usual 
care was given the crop during the growing season. The crop w^as 
harvested and the yield records taken on October 8 and 9 in the same 
manner as in previous years. 

The second planting in 1931 from which yield data were recorded 
comprised slightly more than 1 acre of sandy loam soil at the Pee Dee 
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Station. The land had received an application^ of 500 pounds per 
acre of a 4-8-4 fertilizer in the spring of 1930 and a crop of corn had 
been grown. Before the sweetpotatoes were planted in 1931 the area 
was given an application of (iOO pounds of a ,T-8~9 fertilizer per acre. 
This was the only one of the four plantings in which the rows par¬ 
alleled the direction of the plowing. • 

The plants were set in the field on June 1, and the crop was given 
the usual cultivation during the season. The roots were harvested 
and yield records for 15-f()ot row units recorded November 10 and 11. 
The rainfall during the season was below normal, and this resulted in a 
low yield for land of this type in the locality of Florence. 


PRESENTATION OF DATA 


SIZE OF PLOT 


Since four lots of material were used in making the statistical 
studies, it seems best to present the results for each separately and 
to make a final (H)m])arison of the results obtained. Each of the four 
lots of field data was arranged in single-row plots of various lengths 
and in multiple-row plots consisting of various numbers of 15-foot 
rows. 

From the frecpiency distribution of yields of each size and shape 
of plot the mean and its probable error were computed. The standard 
deviation and its probable error, the error of a single determination, 
and the coeffi(*ient of variability were also (*oniputed. 

The following formulas were employed in calculating the various 
measures of variability: 


V 

Mean yield (pounds ])er aere) 


(JV) 

n 


( 1 ) 


Probable error <if mean ^ 

\» 

Standard deviation — -/^ ^ 

V ft 

Probable error of standard deviation ~ 

v2/( 

Probable error of a sinjrle determination - t 0.6745 a 
Coefficient of variability ^ 


( 2 ) 


(3) 

(4) 

(5) 

( 6 ) 


The sienihcance of differences in standard deviation for various 
sizes of plots was determined by the probable error of the difference. 
A difference of more than three times its probable error was assumed 
to be significant. 

In assembling the field records for single-row plots, each set of 
records was arranged so that the entire planting was considered as a 
•single linear row; that is, the 15-foot units were taken consecutively 
down one row and bock the next throughout the entire area. 

In-forming the multiple-row plots the adjacent 15-foot units were 
taken as they were arranged in the field. Since the number of field 
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rows in each planti\ig was not divisible by the number of rows per 
plot for all plot'sizes, there were some odd rows in certain cases. 
These were eliminated, so that all plots might be composed of adjacent 
parallel rows. 

The number of plot replications required, as given in the last 
columns of tables 1 to 5, inclusive, was detemiinea by formula 7 as 
explained under the discussion of plot replication (p. 892). 

Expehime??ts at Bblthville, Md., 1920 

A summary of the data for single-row plots from the planting made 
near Beltsville in 1929 is presented in table 1. One thousand single¬ 
row units 15 feet in length were available for study. Frequencies 
were formed for single-row plots of 15, 30, 45, (>0, 75, 90, 120, 150, 

and 180 feet. By in¬ 
creasing th(*. size of a 
single-row plot fi*oni 15 
feet to 180 feet the er¬ 
ror of a single determi¬ 
nation was reduced 515 
])ounds per acre, 55.7 
percent of wdiicli re¬ 
sulted froju increasing 
the size from 15 feet to 
()0 feet, 70.9 percent 
from increasing it from 
15 feet to 75 feet, and 
82.7 percent from in¬ 
creasing it from 15 feet 
to 90 feet. The rela¬ 
tion of the curves for 
the actual and theoreti¬ 
cal standard deviations 
is shovm in figure 1. 

The significance of 
differences in standard 
deviation for the vari¬ 
ous ])lot sizes is shown 
^ in figure 2, A, Signifi¬ 

cant differences in standard deviation were found betw^een row lengths 
of 15 feet and 30 feet, 30 feet and 45 feet, 45 f(»et and 75 feet, and 
between 75 feet and 120 feet. Increasing the row length from 120 feet 
to 180 feet did not give a significant difference in standard deviation. 
No significance w’^as found between rows of 90 feet and greater length 
of row up to 180 feet. 

It is obvious even as a purely mathematical consideration that when 
a unit is replicated or increased by the amount of itself the point is 
soon reached where the addition of another unit has little influence 
on the standard deviation, since the first replication increases the whole 
by 100 percent, the second by 50 percent, the third by 33.33 Mrcent, 
the fourth by 25 percent, and so on, each additional replicatioivl^aving' 
less influence on the standard deviation. In experiments of this kmd 
numerous varying factors enter which prevent the curve of aTctual 
standard deviations from coinciding with the theoretical curve. Where 
a large number of varieties or strains are to be compared, numerous 



FKiimE 1 —A’ctiial and Iheoretical deviations in yield.s for sinple*UM 
and inuIUi)le-row plots of swaet potatoes at lieltsvilUs Md., 1^29. 
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replications of each may require so large an area trfat the soil variation 
encount ered may be very great. In such instances a smaller number of 
replications requiring less land might give a smaller standard deviation 
than a larger number of replications. 

The one thousand 15-foot row units in the 1929 ])lanting were 
arranged in multiple-row plots which inclurled 1, 2, 3, 4, 5, 6, 8, 10, 



15 30 45 6.0 75 90 120 150 ISO 



FKii'itE 2 - f^oiuparisioiKs showiiiR siKnifk*am*e of reduction of standard deviation rcsultiun from iiioretu^e 
in size of plots of aweetpotatoos d, Sinple-row plots, and Ji, multijile-row plots. Bellsville, Md , 1929; 
C\ siiiRlo-row plots, and J), multiple-row plots, Floremv, S.G , 1930 Upj|»er row of figures m .1 and C 
indicate length of row tier single-row plot, iipwr row of flgure.s in /i and f) indicate nuniher of row.s jier 
imiltiple-row^ plot, with individual row\s 15 feet long Other figures represent weflicients of mlds for 
dilTereuces between standard deviations for the plot sizes indicated 

and 12 adjacent 15-foot row units. A suinmaiy of the data for the 
niultiple-row' plots from this niaterial is show'n in table 1. 

The error of a single dett‘rmination was rediiced 071 pounds per acre 
, by increasing the plot size from one 15-foot row to twelve 15-foot row’s. 
Of this reduction in error of a single detonnination 73.8 percent was 
found to be the result of increasing the number of 15-foot rows per 
plot‘from 1 to 4. Increasing the number of rows per plot to 5 pij)- 
duced 76.1 percent of the reduction and the 6-row’ plot produced 87.5 
percent. 
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Table 1. —Summary o]i data for single-row and multiple-row plots of sweetpotatoes 

at Beltsvilie, Md., tOW 


Mean yield i)er Probable error 


Number of IS-foot 


Standard 

deviation 


Probable error 
of standard 
deviation 


row' units per plot 

-~ 

-n-| 


--— ' * - - 

" 

—"— 



! Single 

Multi- 

jingle Multi- 

Single Multi- 

Single 

Multi- 

Single 


I row' 

pie row 

row' pie row 

row pie row 

row 

pie row 

row 


\Number\Nutnber\ 

Pounds Pounds 





1 . 1 

1,000 1 

1,000 

4,687.5 4,687.6 

±32.37 ±32. .37 

1,517 5 

1,517.6 

±22.88 

2. . 

500 

600 

4,664.0 4,660.0 

±38.25 ±31.42 

1, 268, 0 

1,041.5 

±27.05 

3.. 

333 

320 

4,641.0 4,587.5 

±41 30 ±34 72 

[1,117 5 

921 0 

±29. 20 

4. 

250 

240 

4,fl68,0 4,fi81.0 

±46 61 ±34 12 

11,002.5 

783.5 

±32.96 

5 - . . 

200 

200 

4,667 5 4,630 0 

±46 .58 ±36 03 

976 5 

76i) 5 

±32.93 

6. . . 

166 

160 

4,641.6 4,681.0 

±46.42 ±34 53 

886 5 

647.5 

±32 82 

8 . 

125 

lai) 

4,646.0 4,670.0 

±47-66 ±:i8.28 

790.0 

621 5 

±33. 70 

10 . 

100 

100 

1665.0 1 655.0 

±51. 60 ±38 HS 

765 0 

576 5 

±36,49 

12. . .. 

83 

80 

16115 1^37 5 

±55.83 .±30 46 

754.0 

523.0 

±39 49 1 


Probable error of a 
siiude (letornimation * 


(’oeflicieni of 
variability 


! Plot reiihcations necessary to meet tiie 
I reuuirenients of formula 7 


Number of in-foot 
row units per plot 


! Multiple j Single 
row row 


Single row 


A1 ultiiUe I 
row 1 


iwceni I percent 


Multiple row 



[ 


: ! 

1 

Sumber ! 

umber j 

Number 1 S umber 

l-„ . 

.. I 1,023.6 1 

1 . 02:16 1 

I :12.,37 i 

32 37 j 

18.06 i 

72 25 ' 

IS. (Kt : 72 25 

2 .... 

.1 855.3 1 

702. 5 1 

! 27.20 1 

22.35 1 

12 71 . 

.W 41 I 

S 58 j 34 22 

3.— 

.i 753.8 1 

621 2 1 

[ 24 10 1 

20 08 j 

i> 98 ' 

:19 69 ! 

6 92 1 70 

4...- 

. 73(> 9 1 

528 5 , 

2:1 40 

16 74 

9 42 i 

;i7 45 ' 

4 84 19. IH 

5.. . 

. 6.58.7 1 

513.0 j 

; 20.90 1 

16.43 ' 

7 51 1 

29 92 1 

4 66 18.49 

6 ... 

.! 597 9 ' 

436, 7 i 

19 10 1 

l.i 83 1 

6 25 i 

25. (K) j 

;i..li i:i. 10 

8 ... 

.! 632.9 1 

419 2 1 

1 17 00 1 

1.1 28 

4 97 

19 80 ' 

:i.06 12.11 

JO . 

.i 516 0 1 

:i8H.9 

16.40 ! 

12.:i8 i 

4 <t2 1 

18 40 ' 

2 62 10 50 

12 .. 

.j 508 6 1 

:i52.H 

j 16 30 ; 

11 28 1 

4. .58 ; 

18. 23 , 

2. 19 ! 8 70 


Table 2.— Svihruary of doio for swgle-row and mulhpU-unv plots of sueetpotalots 

at Florence, SX\, tOSO 


Niinil)er of IMoot i 
row units per plot 


Single I MulU- 
row I pie row 


Mean yield i»er j Probablts error i 
acre I of mean i 


Single I Multi" i Single j Multi", 
low j pie row j row' 1 pie row! 


Standard 
dev ml ion 


Probable en or 
of standartl 
dev latioii 


\Numbtr jS umber Pounds' Pounds j I 

1 l,fi(50 1,5(K1 11,422.5 11,422.5 :t30.b0 ztHU. S4! 

7 Mt) 780 J J, 542.9 11, 5 i=47. J 4| dt-4X 38j 

620 51fi 11,437.5 11,625 0 ztSJ 50 ±46 30 

300 384 11.462.8 ll,5;i6.5 ±57.85 ±50.01 

312 280 11,410.0 11,602 0 ±68.72 ±50 70 

260 252 11,457.8 11,602 0 ±63.90 ±56 07 

105 102 11,428.2 11,510.6 ±67.38 ±60.68 

166 130 11,419.0 11,434,6 ±60.88 ±(i4.76 

130 120 11,407.7 11,512.6 ±74.00 ±66.68 


Single I .MultI- j Single | Multi- 
row J lie row row Ijilerow 

- -I- ■■! - r 

2 ,335.1) 2,335 o| ±28 SO £28 20 
J, 052 0 1, 706.0' ±33 33 ±30, <>7 
1,817.0 1,560.3' ±38.02 ±33 70 
1,694 0 1,470 0 ±40.91 ±.36. (K) 

1.537.5 1,36()0; ±41 511 ±40.23 
1,527 5 1,340.5' ±45. 19 ±40 27 
1,394.61 1.246.5| ±47. (H) ±42,00 
1,204 0 1,094 0 ±40.421 ±46.80 

1.276.5 1,082.5 ±53.70| ±47.14 


Probable error of a 
single determination 


Coefficient of 
variability 


Number of 15-foot 
row units per plot 



Plot replicationN neii((>.ssary to meet the 
reiiuirements of formula 7 


Single Multiple Single j Multiple 

row row' row i row 


Single row 


Multiple row 


Iiereent iiercent. jiercent jicreent 
Number Number Number 
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2,4 OOj 
2,3 OOf- 


The ciiives in figure 1 show the relation of the rictual and theoretical 
standard deviation for the various single-row and multiple-row plots. 
Significant differences in standard deviations for the various-sized 

R iots are shown in figure 2, R. Significant differences were found 
etween plots of 1 row and 2 rows, 2 rows and 3 rows, 3 rows and 4 
rows, 4 row^s and fi row^s, and between 6 rqw^s and 12 row’s. 

Experiments at Florence, H.C'., 19JS() 

One thousand five hundred and sixty 15-foot single-row units were 
available from the planting at Florence in H)30. The data for single- 
row' plots are sum¬ 
marized in table 2. 

Increasing tiu^ length 
of row, per ])lot from 
15 feet to ISO feet re¬ 
sulted in a reduction 
of tlie error of a single 
detennination of 721 
jiounds ])er acre, fiO.l 
percent of w'hich re¬ 
sulted from increasing 
the row' length from 
15 feet to ()() feet, 74.7 
percimt from increawS- 
ing it to 75 feet, and 
75.() j)ercent from in¬ 
creasing it to 90 feet. 

Figure 3 shows the 
cufTes of the actual 
and thooreti(‘al reduc¬ 
tion in the standard 
deviation resulting 
from increases in row 
hmgth of single-row' 

])lots. 

The significance of 
differences in stand¬ 
ard deviations of va¬ 
rious row lengths is 
shown in figure 2, C, 

Significant differences 
were found between row' lengths of 15 feet and 30 feet, 30 feet and 
00 feet, and 00 feet and 120 feet. Increasing the row' length above 
120 feet gave no significant differences. 

The summary of the data resulting from assembling one thousand 
five hundred and sixty 15-foot row" xmits into multiple-row' plots in 
table 2 shows the error of a single detennination to have been reduced 
840 pounds per acre by increasing the number of 15-foot rows per 
plot from 1 to 12. Increasing the number of rows to 4 produced 
Q8.4 percent, 5 rows produced 77.9 percent, and 0 rows produced 79.4 
percent of the total reduction in the error of a single determination. 
The standard deviation curves are shown in figure 3. 

As indicated in figure 2, 7>, significant differences in standaM 
deviation were found between 1 row and 2 rows, 2 rows and 3 rows, 



’"''''012 3 4 5 6 8 10 

NUMBER OT-IS FOOT UNITS PER PLOT 

Fhji’rf H.-Vcttial and tlmwlical dcviaiions in vieldh for single-row 
and inulti|»lt**rov\ ploKs of sweetiMilatoea, Florenoe, S.(\, WMi 
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and 3 rows and 5 ro>ts. Above 5 no significant difference in standard 
deviation was found until the number of ir)-foot rows per plot was 
increased to 10. 


Experiments at Bbltsville, Md., 1031 

The planting made neaV Beltsville in 1931 gave two thousand 
Ifi-foot row units. By increasing the single-row j)lots from 15 feet 
to 180 feet, the error of a single determination for single-row plots 

was reduced from 1,003 
pounds for a 15-foot 
row to 880 pounds for 
a 180-fo()t row, or a re¬ 
duction of 717 pounds 
(table 3). Increasing 
the row length from 
15 feet to 00 feet pro¬ 
duced 01.3 percent of 
the reduction; the 75- 
foot and 90-foot plots 
produced 74.2 and 82 
I)ercent, respectivedy, 
of the total redu(‘tion. 

Figure 4 shows the 
relation of the stand¬ 
ard deviation curves. 

As shown by figure^ 
5, .1, significant dilfer- 
encesin standard devi¬ 
ation were found be¬ 
tween row lengths of 
15 feet and 30 feet, 30 
feet and 00 feet, and 
0)0 feet and 120 feet. 

When this materia! 
was assembled in mul¬ 
tiple-row plots of vary¬ 
ing numbers of 15-foot 
rows, as shown in table 
3, a reduction of 900 
pounds per acre in the error of a single determination resulted from 
increasing the number of 15-foot rows per plot from 1 to 12. Of the 
906 pounds, 70.5 percent resulted from increasing the number of rows 
from 1 to 4, 78.8 percent from increasing it from 1 to 5, and 83.8 
percent from increasing it from 1 to 6. 

The standard deviation curves for multiple-row plots are shown in 
figure 4 and the* significance of differences in standard deviation in 
figure 5, B, Significant differences were found between plots of 1 
row and 2 rows, 2 rows and 3 rows, 3 rows and 4 rows, and 4 rows and 
6 rows. Increasing the number of rows above 6 did not give a signifi¬ 
cant difference in standard deviation until the number of rows was 
increased to 12. 
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1 5 30 45 60 75 90 IgQ 1^0 1^ 0 

Ae-«N—/^- » A Oe-^A JS9-^ * 

I*--m-- n 


A 


—-«k- /^/ -N 

N- A 7/-M 

N--H 

H--H 

!•--H 

K--H 


I 2 3 4 5 6 8 10 12 

I-1-1-1-1-1-1-1-1 

>i^yASS^^.7S'-*^sS.Se-^Z.^€-^/-^^-^/.7 /— 

H- ^,pe -- 7-97 -M 

H--H 


B 


H- s9./€ -H 

H- ^.37 -H 

h- 3:e/ -H 


15 30 45 60 75 90 120 150 180 

1 - 1-1-h - -i-1-1 —"".. ■< -- H 

K-7. 93-^A37-^a 93-^ 

H--H 

N--H 

C h-^.71?-H 

H-H 

H--H 

-- M 


I 2 3 4 5 6 8 10 12 

I-1-1-» - 4-H- . - H -1-1 


H- 


D 


^,7-a-*1 

- s:// -H 

h- 3,^3 -H 

H--H 


H ■ ■ " 3U9Z . -" H 

H- sPBO -H 

H--H 


F’l^ii KK T) - ^(^!llImrlsoIl^ >ho\\ii»p sisnifttiance of reductJon of stamliird deviation resiiltiiifj from iiifrease 
III .si7,e u( plot's of svn*e(tk»lat<H*s .1, Sinule-row plot.s, and Li, iimlliple-row plots, Beltsvijllo, Md , 1931, 
( \ Miinle-iow plots, and I), multiple-row plots, Kloreiuv, S C . 19.31 Tpper row of fiuures in .1 and C 
indicate length of row ]K?r sinple-row' plot, upper row of fixtures in Li and l> indicate number of rows i>er 
multiple row plot, with indiMduul rows I.*) feet lonji Other tlifures lepresent cmdhcients of odds for 
dilTereiH*es between standanl <leviation.s for the plot si/es indicated 


Tablk 3. -Summary of data for aingle-row and multiple-row plots of sweet potatoes 

at B(lisvilU\ Md., 19S1 


' -. 


-— - 


_ ’ i 

.— _. 

" ■ 1 


1 

i Mean yield 

Probable error j 



Iier acre 

of mean 

Number of 16-foot 







row units per plot 








Single 

Multi- 

Single 

Multi- 

Single 

Multi- 


row' 

pie row 

row ! 

pie row 

row 

pie row 


il 

Number 

Po«ndJ,/^ottnd« 



1. 

2,0(K>| 

2.(KK) 

7,741 0| 

7,741.0| 

±35 84 

±35 84 

2 . 

1,000 

1,000 

7,842 51 

7,888.6 

±41 36 

±38.98 


tl66 

m) 

7,873.01 

7,880.(1 

±47. ;1V) 

±41.88 

4.„'r * 

600 

500 

7,846,0 

: 7,857.0 

±49.92 

±43.14 

5. 

400 

400 

7,877.5 

! 7,826 2| 

±5:1 52; 

±44.45 

6__ 

3331 

320 

7,8*11 01 

7,839.01 

±56.60 

±47.17 

H. 

260! 

240 

7, 78K. 0 

1 7,800.(li 

±61 33 

±50.82 

10. 


200 

7,914 5 

1 7.850 0 

±66.52 

±54.86 

12. 

166 

160 

7,831.6 

7,860 0 

±68.76 

±55.11 


standard 

deviation 


wSingle 

Multi- 

row 

ide row' 

2,376 5 

2,376 5 

1,939 0 

1,827 51 

1,813 5 ; 

1,695 0 

1,655.0 

1,430 0 

1,587.0 

1,318.0 

1.504.5 

1, 251.0 

1,437.5 

1,167.0 

1,399 6 

1,150.0 

1,313.0 

1,033.5 


Probable error 
of standard 
de\ lation 


Single I Multi¬ 
row I pie row 


=b26 75 
-ir29 251 
i33 521 
±36. 78 
±37.84 
±39 32 
±43.36 
±47.20 
±48.61 


±25. 75 
±27 56 
±29 61 
±30. SO 
±31.44 
±33. 35 
±3R. 
±38. 
±38 
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Table 3.* 


-Summary of,data for single-row and multiple-row plots of sweetpotaioes 
at BeUsvilkt Md.y 1931 —Continued 



1 .. 


1 


1 Plot replicalions necessary to meet the 

Numl)er of 15-foot 
row units per plot 

Probable error of a 

1 single determination 

1 

(’oelbcient of 
variability j 

1 re<iuirenienP 

Single row 

« of formula 7 

1 Multiple row 


Single 

Multiple 

Single 

Multiple 

r«20 

0*10 

t! 

c*-10 


row 

row 

row 

row 

IMjrreut 

l)ereent 

IJorceut 1 

percent 

.. 

'■ 



- 

Number ! 

Number 

Number 

Number 

1 , - 

1,603 0 

1.603 0 

30.70 

30 70 

16 24| 

64. 48 

i6 24 

64 48 

2 

1,307.9 

1,2.32.7 

24 72 

23 17 

10 m 

41 86l 

9 24 

;16 72 

.s/. _ 

1 ,22:1 2 

1,075 8 

Zi 00 

20 24 

9 1.5 

:36. 24 

7 07! 

28 (HI 

4. 

1,16.3. o! 

964 5 

21 10 

18 20 

7 68 

30 47 

.5 71 

22 66 

5 - . - - - 

1,070 4! 

889 0 

20 14 

16. 84 

7 00 

27 77 

4 88 

19 4,5 

fi - 

1,014 8 

843 8 

19 19 

1.5 96 

6 .35 

25 20 

4 41 

17 4.5 

8 .- . 

969 6 

787. 1 

18 46 

14.96 

.5 88 

2:1 33 

3 86 

15 ;i7 

10 

944.0 

77,5 7 

17 68 

14 65 

.5 ;is 

21 44 

3 70 

14. 7.5 

12 . 

m 6 

697. 1 

16 76 

i:i 16 

4 84 

19.27 

2.99 

11 VH) 



Figure. <V--Actual and th(oretlc*dl deviations In yields for sinRle-row 
and multiple-row plots of sweeiijotatoes, Florence, iJ O., 1931. 


Hxpkrimenth at Flor¬ 
ence, 8.C., 1931 

The sef'oiid lot of 
yield re(‘ords wns ta¬ 
ken in 1931 from the 
jdantin^ at Florence. 
The rows were 1)75 
feet lon^. In asseni- 
blinjj^ the data for the 
single-row plots, 23 of 
thetiTo-foot rows wer(‘ 
used, which tjave one 
thousand and thirty- 
five ir)-foot units. In 
order to make better 
use of the material in 
assembling the multi¬ 
ple-row plots, one 
more field row' was 
added, making one 
thousand and eighty 
ir>-foot units. 

The summary of 
data for sinj^le-row’ 
plots in table 4 shows 
a. reduction of 951 
pounds per acre in the 
error of a single deter¬ 
mination as a result 
of increasing the row' 
length from 15 feet to 
180 feet. Increasing 
the row^ length frotn 
15 feet to 60 feet pro¬ 
duced 67.2 percent of ' 


the total reduction; increasing it to 75 feet produced 72.2 percent, and 
increasing it to 90 feet produced 81.1 percent reduction. 
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Figure 6 shows the standard deviation curves f(^r the sinj^le-row and 
nniltiple-row plots. * 

Differences in standard deviation for various sizes of single-row 
plots as shown in figure 5, were found between row lengths of 15 
feet and 30 feet, 30 feet and 45 feet, and 45 and 00 feet. Increasing 
the row" length above 00 feet gave no signilicant differences. 


Tablk 4. —Summary of data for single-row and multiple-row plots of sweet potatoes 

at Florence, S.C., 1931 


Nuiiibpr of l.Vfoofc 
row units pw plot 


1 

1 Plot 8 

Mean yield 
jier acre 

Probable error 
of mean 

Standard i 
deviation j 

1 1 

j Single 1 Multi- 

! Single Multi- 

Single 

Multi¬ 

Single 

! 

1 Multi- 

, row* |i)k»row| 

j _ ! 

i row' 1 pie row 

row 

ple row 

row' 

j pie row 

j N» niht Ti I\'it mher. 

PoundH\Pnundit\ 



i ’ 
i 


4 

t) 

5 
lU 
\2 


AlTi 

:ur»' 

207 

172' 

120 , 

1(W, 


l,OH0 

MO 

;w) 

270 
IHO 
I HO 


Probable error 
of St andard 
deviation 


Single I Multi- 
row 11 lie row' 


H, 13h 0, H, 151) O' rbfll) 39' 4:02 30| 

H.05K o; H, 125 0- Jr72 441 JrtW 73| 

K, 112 5, 8.100 0* ±H0 07! 0.3; 

8,(K)l 5| 8,055 5, ±M 111 ±7C) 39 

M,(W2 0* 8,111) 5> JrHS 40' iTO 30! 

13.5' 8,019 5. H.0.59 0. 4-95 22, Jr 71 98! 

wv 8,192 0 8.(m 0 jrioi 8:i, jrKfi o:i| 


t)0. 8,017 5 H,0HK .Vj:105 70\ J-82 


I 


2,802 5| 2,82fl 51 
2, m 5! 2,14H .5| 
1,994 5! 1,792 .5 
1,918 0i 1,.584 o! 
1,800 5i 1,519 5 
1.720 ()| 1.4(X) n 
t.WW 51 1,240.0 
1,517.5’ 1,210 ()! 
1,453 5* 1, W9'. 0 


Jr42 .58! 
J^.50 551 
J-51 21! 
89; 

±,59 091 
±02 .5.5| 
±67 341 
±71 33' 
±74 7.5; 


±41 03 
±44 m 
±45 06 
±45 97 
±.54 o:i 
±49 78 
±49 09 
±00 8.3 
±.58 62 


Niimt)er of 1.5-tool 
row units per plot 


Probable I'rror of a 
! Mnpledeterniuialion \ 


(’oetru’ient of 
\anHbilit> 


Plot replications neeessar.v toinoet the 
re<iuiretnents of formula 7 


Single row 


Multiple row' 


1 

Single ; 

Multiple 1 

Single { 

.Multiple 1 

rs^2() i 

C--10 

C’=20 1 

e-li) 

j 

row j 

row 1 

1 

row i 

row 1 

I>ercent ' 

jH'reent < 

Itercenl t i>ereenl 

— " — 

— 

... . 1 

1 ; 

__i. 

! 

i 

Number * 

SumUr j 

Numbfr ! 

Number 

1 

1,930 8, 

l,9()fi 5! 

! 35 32. 

34 94i 

21 .52' 

85 .56i 

21 07' 

83 72 


I i,.578 o; 

1,447 8] 

1 28 75' 

2fl 31; 

14 2b 

56 70! 

n 9o: 

17 47 

.1 

1,345 3, 

l,20t» Ol 

1 24 75| 

22 06; 

10 .56 

41 99 

8 35 

33 41 

i 

1 1,292 3; 

l,(K18 4! 

! 23 62; 

19.55i 

9 61' 

38 19! 

6 60! 

26 21 

,5 

1,244 4i 

1,024 9 

1 22 25' 

18 86i 

8 .52' 

;t,3 99 

6 lo: 

21 40 

6 

I, ItMl 1 

944 3i 

i 21 41; 

17 24i 

7 so: 

31 36, 

5 10 

20 34 

S 

1,081 6i 

836 4 

19 99, 

15 39} 

(> H6 

27 35, 

4 {X| 

16. 21 

10 

I,(r23 61 


m.ra. 

15 (I8i 

6 0.5' 

24 01! 

3 92i 

15 60 

12 

980 0 

la 13. 

14 42! 

1 

.5 66 

22 .561 

3 57) 

14 29 

_ 


. ' 

___ 

1 


_ _ 1 


- 


Tlie oup thniisnu(i and pighty lij-foot units uspd in tlip data as 
summarized in table 4 show a reduction in the err<)r of a single 
determination of 1,120 pounds per acre resulting from increasing the 
number of l.^-fool rows per plot from 1 to 12. ()f the total reduction 

74.8 j)orcent was between 1 and 4 rows per i)lot, 78.7 percent between 

1 and .5 rows per plot, and 85.9 percent between 1 and 0 rows per plot. 
The curves of standard deviations are shown in figure 0. The 

differences in standard deviations for various sized plots as indicated 
in figure 5, D, show significanc.e between plots of 1 row and 2 rows, 

2 rows and 3 rows, 3 rows and 4 rows, and between 5 rows and 8 rows. 


DETERMINATION OF NUMBER OF PLOT REPUCATIONS REQUIRED 

Various mathemairical formulas have been derived for calculating 
the 4iumber of replications, or number of saniples distributed at 
random, that must be used in order that a certain difference between 
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two averages may b« considered significant. The formula derived by 
Mitchell and Gnndley (7) and applied to field-plot studies, notably 
by Anthony and Waring (/) in analyzing yield records from fertilizer 
experiments with apple trees, was used in this study. The value for 
N is determined By the formula 

in which N is the lenst number that can be used when a percentage 
difference of c in yields between samples and odds of 1^0 to I is desired 
with material showing a coefficient of variability of C, The value 
for N as calculated by the formula can only be the most probable 
value, since its determination is dependent uj>on the coefficient of 
variability and must vary with the probable error of C. 

The values for N as determined by the foregoing formula for tfie 
various sizes of single-row and multiple-row plots are given as the last 
four columns in tables 1 to 4, inclusive. The A" v allies for the various 
plot shapes are given as the last items in table 5. The re(|uired n umber 
of replications has been determined for 10 and 20 percent difference 
for the value c in the formula. 


Table 5 .—Summary of data on shape of plots of swvd pot aloes at Bcltsvillvy Md.^ 
1920 and 1911!y and at Horencfy S.(\y J9d0 and 1931 


Location and year 

Hows 

iwr plot 

Num¬ 
ber of 
Iilots 

1 

1 

Mean 

yield 

(iKiurids 

t¥ir 

acre) 

Prob¬ 
able 
error of 
mean 

.Stand¬ 
ard tle- 
viatfon 

1 

1 

Prob¬ 
able 
error of 
.'stand¬ 
ard de- 
viation 

! 

1 

Criri). 
able 
error of 
a sinKle 
deter- 
inma- 
tion 


Num¬ 

ber 







i 


1 

90 

IWi 

4,641 5 

i4fi 42 

886 .5 

±.32.82 

597. 9 

Bellsville, Md , 1929. 

2 

46 

166 

4,671 5 

±48.07! 

918.0 

±33.98 

619 2 

3 

30 

160 

4,6.56.0 

L ±45 82 

859 3 

±32 40 

.579 6 


6 

16 

160 

4,681.01 . 5:1 

647. .5 

±24 41 

436. 7 

‘ 

1 

90 

260 

11.4.57 0 

±63 90 

1.527. 5 

±45 19 

1,030 3 

Florence, S C , 1930 

2 

45 

260 

11,500.0 

±61 91 

1,480 0 

±43.80 

998.63 

3 

30 

258 

11,469 0 

±66 61 

1,347.9 

±40. (W 

909.2 


6 

15 

260 

11,502.0 

±56.97 

1,340.6 

±40 27 

904.8 


1 

90 

333 

7,841 0 

±65.60 

1,504,5 

±39 32 

1,014 8 

BeltsvjJle, Md., 1931 

2 

45 

333 

7,837.8 

±62 45 

1,419 2 

±37.10 

957 2 

3 

30 

330 

7,860.5 

±61 76 

1,393.8 

±36. ,59 

940 1 


6 

15 

320 

7,8;i9.0 

±47.17 

1,251.0 

±3.3.35 

843.8 


1 

90 

J72 

8,032.0 

±88.46 

1, 720.0 

±62 55 

1. UK). 1 

Florence, S (\, 1931 

2 

45 

180 

8,077.8 

±84.32 

1,677.3 

±59 6,3 

1,131.3 

3 

:io 

176 

8,073 9 

±73.27 

1.441.1 

±51.81 

972.0 


6 

15 

180 

8,119 5 

±70,36 

1,400.0 

±49 78 

944.3 

__ _ 


_ _ 

__ 

_ _ 


_ _ _ _ 

_ _ 



, Numl«»r of 
I plot replied- 
j t ions iiecf.s- 


Ooclli* 
f’MMU I 
of va-1 
riahil- 

ity 


sary to rneot 
iherecimre- 
inonls of 
forrotila 7 


e-=20ir^l0 
|K*r- j per- 
eonl i cent 


J9 1 
lU. fi5| 

18 43 ! 
J3 83[ 
13 33 
12.87 
1) 75 
il fKl 

19 19 
18 li 
17 73 
1.5 96 
21 41 

20 76 
17.85 
17.24 


I 


6 2.5 

25 00 

6 66 

26.42 

5 86 

23 2;t 

3.31 

13. 10 

3.06 

12 18 

2 HfV 

11 36 

2 :i7 

9. 48 

2 31 

9. 18 

6 35 

2,5. 20 

5 62 

22 47 

5 42 

21 .53 

4 41 

17. 47 

7.89 

31 36 

7.45 

29 48 

5 47 

21.81 

5 10 

20 :m 


INFLUENCE OF SHAPE AND ORIENTATION OF PLOTS ON VARIATION 


In order to study the effect of shape of plot and its orientation in 
relation to the field rows on variation among plots, each of the four 
lots of material was arranged in four different plot shapes, each con¬ 
sisting of 90 linear feet of row. * 

The 90-foot row was chosen for two reasons; (1) It permits a satis¬ 
factory arrangement of the 15-foot imits into the various shapes of 
plots containing the same number of linear feet of row; (2) the data 
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(fi^s. 2 and 5) indicated that little significant reduction in plot vari¬ 
ability can be obtained by the use of a plot of more than 90 linear ieet 
of row, hence it is desirable that the study be made within the limits 
of the largest plot shown to give a significant difference in standard 
deviation. 

The four groups of equal plots consisted pf one 90-foot row approxi¬ 
mately 8 by 90 feet, plots of two 45-foot rows approximately 6 by 45 


1-90 FT. 2-45 FT. 3-30 FT. 6-15 FT. 




I-90FT. 2-45FT. 3-30FT. 6-15 FT. 



> KrVBE 7. ("onipansoiKs showing significance of standard deviations for 4 sliaries of plots of sweetpotatoes. 
A, Beltsville, Md . 1929, li, Florence, S.C . 1930, (\ Beltsville, 1931, 7>, Florence, 1931. Plots of ecinal 
area. Upper row of figures in each group show niinilier and length of rows iier plot. 


feet, plots of three 80-foot rows approximately 9 by 30 feet, and plots 
of six 15-foot rows approximately 18 by 15 feet. 

A summary of the data for the various-shaped plots for the four 
lots of material is presented in table 5. 

Figure 7 shows the significance of differences in standard deviation 
•between the various shapes of plots. Figure 8 presents a graphic 
comparison of the standard deviations for the various plot shapes for 
the four lots of data. 
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SOir. HETEROGENEITY AND VARIABILITY 

The variability pf the soil in the four pieces of land Uvsed for this 
work was determined in each case by Harris' method (4, cji. 4)y in 
which the coefficient of correlation is used as an index of soil uniformity. 

In applying the Harris method each field was divided into small 
ultimate units consisting bf two rows 75 feet long. The yield from 
each unit was determined in pounds per acre. Groups were formed 
of four adjacent units. The correlation between the ultimate units 
and the groups was determined by the following formula: 

) -- SipniMMr, - 1)]} - . . 

Pip2~ — 

in which— 

Average yield of all ultimate units. 
n ^ Number of units in each grouj). 
m = Number of groups. 

S(p^)^Slim of squares of yields of ultimate units. 

= Sum of squares of the group yields. 
or/> - Standard deviation of the yields of ultimate units. 

The constiint obtained is used as a measure of the correlatiou 
between adjacent plots when grouped in a particular w^ay. 

If certain adjacent units tend to yield high and othefW IbW, ii Ittr^e 
coefficient is obtained, indicating that the field is “patchy”; a small 
coefficient indicates that the variation is largely due to random sam- 
l)ling. If the variation is due only to random sampling, the corre¬ 
spondence between certain contiguous units will be balanced by a 
lack of correspondence between others, provided the number of units 
is large enough to permit the expression of the law of averages. 

The values in the formula for each of the four pie(‘es t>f land 
employed in these studies are given in table 6. 


Table 6 . — Sunwtary of data on soil heterogeneity for the areas of land used in the 

s weet potaJ(h-})lot st mlies 

ISize of ultimate units, two 75'foot niws; 4 units in each Rroup] 


Source of tlatu 

Uroup> 

Average 
yield of 
ultimate 
units iier 
acre 

Sum of squares 
of ultimate 
units 

Hum of squares 
of grout* yields 

Standard 
deviation 
of yields 
of ani¬ 
mate 
units 

j 

(\»ef!icten( of 
of correlation 

Beltsville, Md . im _ 

Florence, S.C , 1930. 

Beltsville, Md., 1931 
Florence, R.(\, 1931... . 

Number 

2 A 

39 

.W 

27 

Pounds 
; 4,043 6 
11,428 0 
7,833 0 
8,051.2 

2.212,797,177 
20,018,285,000 
12,011,195,000 
7,222, ,585,025 

8.780,059,010 
82.125,080.000 
49, 780, 010, OtX) 
28, 477,223, 525 

03.5 5 

1,239.0 
i,.mo 
1,420.0 

0. 4000ri:0. OfltiO 
! ..5372A .0384 
.3488^ .0419 
,:t80;i± .0552 


The area used at Florence in 1930 was found to be the most variable, 
the coefficient being 0.5372± 0.0384. The most imiform of the four 
pieces was that used at Beltsville in 1931, the value for r heii^ 0.3488 ± 
0.0419. The areas used at Beltsville in 1929 and at fTorence in 
1931 gave correlation coefficients of 0,4000 ± 0.0566 and 0.3863 ± 
0.0552, respectively. . 

- The sources of variation other than soil heterogeneity which may 
influence the results of an experiment of this kmd are numerous. 
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Where more than one thousand 15-foot units dug, sorted, and 
weighed, the possibility for errors is much greater than would be ihe 
case in an actual experiment if the size of plot and number of replica¬ 
tions recommended were followed. 

Even with the best of methods it is not possible to run a large num¬ 
ber of row .s that will be exactly the same distance apart throughout 
their entire length; in some cases a difference of a few inches may be 
important. Where the plots are long and narrow and parallel the 
dir(K?tion of the rows it is particularly important that the distances 
between rows be uniform. 

There is always some variation in the size and vigor of plants from 
different parts of the plant-growing beds, especially when the heat is 
supplied by animal manure. 

Manure is quite variable in 
composition and heating (jual- 
ities. Even in water-heated u,i.6oo 
frnines there may be consider- i 
able difference in growth re- 
suiting from variations in 
temperatun*. If the beds are ii^oo 
long, the part of the frame | 
that first receives the water 
from the boiler may be sev- 
eral degrees warmer than the ^,,000 
end farthest from the l)oiler. | 

Plants are generally pulled o 
and handled in such a way 1 
that a large part of one row f 
may be s(‘t with the better 
plants while the next may be 
set with smaller and less vig- 500 
orous ones. When* several 
setters do the woi*k, the vari¬ 
ations resulting from methods 
of setting may be considera¬ 
ble. Kain at the time the plants are being set may also cause varia¬ 
tion. The amount of variation from this and other sources in field 
tests is diflicult to determine. 

It shoidd be noted that the variations in plot yields for the various 
areas of land as indicated by the coefficients of variation given in 
tabl(*s 1 to 4 do not coincide with the variations in soil indicated by 
the (coefficients of correlation in table 6; that is, the greatest variation 
in plot yields as indicated by the coefficients of variation did not occur 
on the land shown by the Harris method to be the most heterogeneous. 
The most heterogeneous piece of land—that used at Florence, in 1930, 
with a coefficient of corndation of 0.5372 ± 0.0384 (table 0)—-gave the 
most uniform yields, as indicated by the coefficients of variation in 
tables 2 and 3. The land \ised at Florence in 1931 ranked second in 
soil uniformity, as indicated by the coefficient of correlation, table 0, 
J)ut gave the most variable yields, as indicated by the coefficients of 
variation in tables 4 and 5. 

The lack of correlation between soil heterogeneity and variation in 
yields indicates that some of the other factors mentioned contributed 

56062—34- 2 



SHAPE OF PLOT 

K - (’oinpanson of slandarrl deviation curves for 
‘tiH)t4vro plots of equal urea and varyiriK slmia? 
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materially to the variation in yields between plots. Since insulEcient 
records were made as to the location of groups of large and small 
plants, the portions of rows planted by the several setters, and the 
variations in width of spacing between rows, it was not possible to 
determine the relative importance of these factors. 

The greater uniformity^ of yields from multiple-row plots as com¬ 
pared with yields from single-row plots is evidence that variation 
existed between adjac^ent rows. Since it is not likely that the row’s 
were run parallel to soil gradients in every case, and in 8 of the 
4 fields the row s w^ere run across the direction of the plowing so 
that variation due to dead furrows w^as minimized in these 8 
fields, it is evident that much of the variation betw^een rows was due 
to factors other than soil heterogeneity. 

DISCUSSION 

SIZE OF PLOT 

An analysis of the data in figures 2 and 5 reveals the fact that in only 
one of the eight studies presented was there a significant difference in 
standard deviation between the various sizes of i)lots obtained by 
increasing the size of plot Jibove 90 linear feet of row^ until the plot con¬ 
tained 180 linear feet. In the multiple-row plots of thv 1980 material a 
significant difference wuis found betwwn the 90-foot and the IfiO-foot 
plots. In every case significant differences in standard deviation were 
noted between plots containing 75 linear feet of row’ and those contain¬ 
ing 180 feet of row\ In 4 of these, significant differences WTre found 
between plots of 75 and 120 linear feet of row; in the other 4, signifi¬ 
cant differences were found between plots of 75 and 150 feet of row^ 

It is concluded fi;om these data that a significant reduction in varia¬ 
tion may result from increasing the size of plot until it includes about 
90 linear feet of row’. Further increase in size of the area, w’ould be of 
doubtful value in reducing variability between plots in field experi¬ 
ments with sw’cetpotatoes. 

SHAPE AND ORIENTATION OF PLOT 

The data presented in figure 7 show’ a significant difference in stand¬ 
ard deviation between the 90-foot single-row’ plots and the plots of 
six 15-fdot adjacent rows, in all four cases in favor of the latter. 
Between the other plots there was no consistent difference. .The 
effect of row grouping m reducing variation is showm graphii^ally in 
figures 1, 8, 4, and 0. 

While regression curves for soil variation w^ere not calculated and the 
direction of the greatest soil variation w’as not determined, it is 
not likely that in every case the rows were run parallel to such soil 
gradients as might have been present. Yet there wras a significant 
reduction in the standard deviation in each case between long narrow' 
single-row plots and almost square multiple-row plots. It seems safe to 
assume that much of the reduction in variation in favor of the square 
plots was due to the number of rows included within the plots, indi¬ 
cating that variation existed between rows and was probably due to 
factors other than soil heterogeneity. 

If an appreciable amount of the variation among plots is due to 
correlated variations between different rows, it is obvious that plots 
Which include portions of several rows are likely to show less varia- 
ti<in than plotsj^consisting of a single row. Variation between rows 
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resulting from methods used by plant setters (Uin be controlled to 
better advantage in actual field-plot tests where the plots are sot as 
units than where the entire area is planted as a unit, as was practiced 
throughout this experiment. By having each setter plant an equal 
[)ortion of each plot, much of the variation from this source can be 
elimina tod. Variation due to difference in ^)acing of rows can be mini¬ 
mized by the careful laying out of rows but cannot be entirely avoided. 

Previous experiments on methods of eliminating variation in field- 
plot tests in most cases have indicated that there is little difference 
in favor of either square or long narrow plots. Where a difference 
has been found, it has been in favor of the latter. However, Day (3) 
points out that siudi plots are superior to square ones only when the 
longest dimension parallels the direction of greatest soil variation. 
Much of the work on the shape of plots has been condu(‘ted with small 
grains or other crops that are planted by drill, thereby eliminating 
some of the sources of variation that enter into transplanted crops 
such as the sweetpotato. 

From the results of the four lots of material studied in this experi- 
uient it is (‘oncluded that square plots are superior to long narrow ones 
for sweetpotato field-])loi tests, unlcvss such plots are run across the 
field rows so as to include portions of several rows. Long narrow 
plots w^ould not be the most economical of land where border rows 
are necessary, since the perimeter is much greater than that of square 
plots. 

HEPLK’ATION 

The large number of replications required where significance is 
desired in a percentage difference of less than 20 indi(*ates that it 
\vould not be safe to attach importance to ditferen(*es of much less 
than 20 ))er<5ent for a single year’s data in field-plot tests with sweet- 
])otatoes where any large number of treatments are to be compared. 
When investigations are condiuded over a period of years the accumu¬ 
lated number of replications may be sufficient for the determination 
of significaiK'e of differences as small as 10 percent. The data must, 
how’^ever, be treated by Student’s (5) or some other recognized method 
to remove correlation attributable to seasonal conditions w'here the 
7’esults obtained in consecutive years are to be compared. 

The number of replications re(|uired to give a desired degree of 
at'curacy decreases as the size of the plot is increased within the 
limits stated in the study. Since analyses of the data in figures 

2 and 5 show^ that the reduction in variation brought about by in- 
<’>reasing the size of plot above 90 linear feet of row^ is of doubtful 
significance, it would not bo economical to use plots consisting of 
mach more than about 90 linear feet of row wdiere the row^s are spaced 

3 feet apart. Even though significant reduction in variation may be 
obtained by the use of plots containing more than 90 linear feet of 
row, it is not economical of land to use the largest plot found to give 
significant reduction in variability. 

In some cases the area of uniform land available for experimental 
work may be a limiting faxdor. The values for A' as determined by 
•the Mitchell and Grindley formula (7) indicate that the same degree 
of accuracy can be obtained by using small plots as by using large 
ones,, with significant economy in land even though a" much larger 
number of replications is required. For example, take the multipte- 
row plots of the data from the 1931 planting at Florence, w^hich 
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showed the greatest»variation as indicated by the coefficient of vari¬ 
ability. By employing the formula derived by Mitchell and Grindley 
and using a value of 20 percent for c, the number of replications and 
the total linear feet of row required by the various sizes of plots are 
found to be, for a single 15-foot row plot, 21 replications or 315 feet 
of row; for a plot of two 15-foot rows, 11.9 replications or 357 feet of 
row; for a plot of three 15-foot rows, 8.35 replications or 376 feet of 
row; for a plot of five 15-foot rows, 6.1 replications or 458 feet of row; 
for a plot of six 15-foot rows, 5.1 replications or 459 feet of row; for 
a plot of eight 15-foot rows, 4 replications or 480 feet of row*; for a plot 
of ten 15-foot rows, 3.9 replications or 585 feet of row; and for a plot 
of twelve 15-foot rows, 3.6 replications or 648 feet of row. Fractions 
of replications are used here only for the puipose of comparison. 
For this lot of material there is a saving in land of 9.8 percent between 
two and four 15-foot rows, and 11.5 percent between four and six 
15-foot rows. A similar saving in land by the use of small plots is 
shown in all four lots of data. In some cases the saving in land is 
much greater. The use of very small plots has the practical disad¬ 
vantage of additional expense and labor in planting and harvesting 
the crop; in fact the use of very small plots may result in more expense 
and labor than the other advantages justify. When* guard rows are 
necessary small plots may require even more land area than larger ones. 

SUMMARY AND CONCLUSIONS 

Yield records used in these studies were taken from four plantings 
of sweetpotatoes of the Porto Kico variety, grown in 1929, 1930, 
and 1931. Two lots were grown near Belisville, Md., and two at 
Florence, S.C. , 

The field data for each planting wore assembled in both single and 
multiple-row^ plots consisting of one, two, three, four, five, six, eight, 
ten, and twelve 15-foot row units. 

The influence of plot size, shape, orientation, and number of replica¬ 
tions on the experimental error in field experiments was determined. 

Incrtmsing the size of individiutl units gave a significant reduction 
in standard deviation of plots up to about 90 linear feet of row'. 
Increasing the area to more than 90 linear feet of row gave an insig¬ 
nificant reduction in variation betw*een plots as indu-ated by the 
standard deviations. Multiple-row plots were less variable than 
single-row plots of the same total row length and area. 

Shape-of-plot studies w'ere made within the limits of the maximum 
plot size found to give significant reduction in variation, that is, 
within the limits of 90 linear feet of row. Four .shapes of plot were 
considered, consisting of areas approximately 18 bv 15 feet contain¬ 
ing 6 parallel row^ 15 feet long, 9 by 30 feet containing 3 parallel i-ows 
30 feet long, 6 by 45 feet containing 2 parallel rows 45 feet long, and 
3 by 90 feet containing 1 row 90 feet long. With the exception of 
the 18- by 15-foot plot, the greater dimension paralleled the direction 
of the rows The data as recorded in 15-foot row units were not 
adapted to the arrangement of long narrow plots nmning across the, 
direction of the rows. 

Variation among plots decreased as the plot shape approached a 

S pare, The 18- by 15-foot areas gave a very significant reduction in 
uiatidn as cornpared with the single-row plots 3 by 90 feet. 
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The study of shape indicates the influence of plot orientation on 
variation. Variation decreased as the plot dimension at right angles to 
the direction of the rows was increased. Ijong narrow plots running 
across the direction of the rows probably would have given still less 
variation than was obtained with the plot arrangements used. 

The number of replications of the various-sized plots required to 
obtain significance of a stated percentage difference varied with the 
different lots of material. Although small plots required a much 
greater number of replications to secure a given degree of accuracy than 
did large plots, there was a significant saving in land when small units 
were employed. The use of small areas has the disadvantage of greater 
expense and labor in planting and harvesting. 

It does not seem advisable to suggest that any one plot size would 
be the most desirable in sweetpotato field experiments. It is obvious 
that equally satisfactory results may be obtained from plots of dif¬ 
ferent sizes provided they are replicated a sufficient number of times 
to meet the statistical requirements. Under the conditions of a specific 
experiment circumstances might arise to modify the plot technic 
that otherwise would be the inost satisfactory. 

A plot consisting of approximately 90 linear feet of row replicated 
4 or 5 times should give a satisfactory plot arrangement for field 
experiments with sweetpotatoes. The data presented indicate that a 
more significant reduction in variation in plot yields may be expected 
if the 90 feet of row is divided into a number of shorter parallel rows 
than where a 90-foot single-row unit is used. 
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UNIFORMITY IN PATHOGENICITY AfjD CULTURAL 
BEHAVIOR AMONG STRAINS OF THE CABBAGfc- 
YELLOWS ORGANISM' 

liy L. M. Blank 2 

Assistajit pathologiaij Divuton of Fruit and Vegetable Ciops and Diseases, Bureau 
of Plant Industrpj United Staten Departtneni of Agriculture 

INTRODUCTION 

Yellows is a disease of cabbage and of other lueinbers of the species 
Hrafifiiva oleracea L., including caulillower, collards, brussels sprouts, 
kohlralxi, and kale. The causal organism {Fvmnam conglutinam 
Wr.) once established in the soil remains there indefinitely as a 
potential parasite of these (Tops. Invasion of the host plant occurs in 
young roots, and the organism progresses upward by way of the xylem. 
The chai*a(‘teristi(* pathological effects have already been described 
H)? As in the case of most of the diseases of herbaceous plants 
(‘.aiisecl by vasciilar Fusaria, there is in cabbage and its allies marked 
variation between individuals in resistance or susceptibility to this 
parasite. This fact has become the basis of control through the 
selei^tion of resistant strains or varieties 3^ 5), The early work in 
tliis dire(*tion was dom^ by the selection of survivors froni infesteci 
fields and by mass selection from standard varieties. More recent 
work lias shown that resistance is controlled by a single dominant 
Mendelian factor (/, 4)» and the discovery of this fact was followed 
by selection of homozygous resistant lines from a number of varieties 
oi cabbage. 

In the program of breeding for disease resistance little attention 
had been given, up to the time of this investigation, to the possibility 
of variation in the parasite. Other workers have noted variations 
in the jiathogenicity of vascular parasites of the genus Fumrium that 
attack other plants. It thus became IiigJily important to the jirogram 
of selection and breeding for resistance to yellows in cabbage and 
related subspecies that a study of the causal organism be made from 
the standpoint of its possible variability in pathogenicity. This 
paper gives the results of such a study carried on from 1927 to the 
present. 

SCOPE OF THE INVESTIGATION 

The development of cabbage strains resistant to Fumrium con- 
glutinans has been carried on largely in one infested area of Wisconsin. 
Since specialization occui>; not uncojmnonly among other fungi and 
has been reported in other va.scular parasites of the genus Fvmrlutn, 
the question of specialization w^as obviously of importance in breeding 
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Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, L nitcd istates Depart¬ 
ment of Agriculture, and the Department of Plant Pathology, University of Wisconsin. 

3 The writer is indebted to J. C. Walker, of the University of Wisconsin, for suggestions and advice during 
the course of the study and in the prejiaration of the manuscript. Acknowledgment is made also to the 
various workers who contributed to the collection of cultures of Fusartum congtultmm, 

> Reference i.s made by number (italic) to Literature Cited, p. 4U9. 


Journal of Agricultural Research, 

Washington, D.O. 

(401) 


Vol 48, no. 
Mar 1, 1934 
Key no. U-887 



402 


Journal of AgricuMural Research 


Vol. 4S, no, r. 


cabbage for resistance. Up to the time of this investigation little 
attention had been given to the question in other than a prelinnnary 

The possibility of specialized races of the cabbage-yellows organism 
may be studied in two ways. Fiist, lines of selected material may be 
growm upon infested soil in various regions and thus variations in the 
selective pathogenicity of the parasite may be detected. Such trials 
have been made in a limited way in the past, and the results have 
indicated that resistant selections of a number of varieties of cabbage 
remain resistant w'hercver tested. Obviously, the results of such 
experiments are not conclusive because of the possibihty of j)oor 
infestation of the soil by the pathogene or ol environmental factors 
that might limit full expression of tlie disease. A second method of 
determining the existence of specialized races of the pathogene is to 
study the organism mider <’ontiX)lled conditions, wherebj'^ vajious 
isolates may be compared under optimum conditions that can be 
provided at will. The results of a study by this method are discussed 
herein. 

METHODS AND MATERIALS 

Isolations of the cabbage-yellows organism were secured from vari¬ 
ous areas of the United States where the disease oc'cuired on cabbage 
or other subspecies of Brassica oleracea (table 1). The juateiial was 
received as transfer cultures, as diseased plants, or as infested soil. 
In the last instance cabbage seedlings were transplanted into the 
infested soil and the yellows organism was isolated from the residtant 
diseased plants. After the recovery of the organism, monoconicUal or 
hyphal-tip lines w'ere made of isolations 1 to 11. Isolations 12 to lb 
were not handled ip this way, but were carried in culture as mass 
transfers from tissue plantings on agar plates. One or more hyphal- 
tip lines W'ere seciu'ed subsequently from eacfh of collections 12 to 19 
and were tested for pathogenicity. 

Table 1. —Source of isolates of Fusariurn congluiinans 


Isolation no. 

Locality in which found 

Typo of juatoriBl 


Racine, W is... 

Arnes, Iowa. 

Infested soil. 

.do. 

. 

Crystal Springs, Miss. 

Topeka, Kans. 

Houston, Miss. 

Diseased collards plant.... 

Diseased cabbage plant. 

_«,do—_____ - .. 

0. 

.'Ill” 

3 . 

4 . 

6 . 

6 . 

7 . 

La Fayette, Ind.-.. 

Madison, Wis._ . 

Indiauaiiolis, Ind.- 

FayettevUle, Ark.... 

Petaluma, Calif. 

Humboldt. Tenn. 

Norfolk,'Va... 

Lansing, 111. 

Fremont, Ohio. 

Columbus, Ohio. 

Somers, wis. 

Indianapolis. Ind. 

Diseased kale plant. 

Diseased cabbage plant. 

Oulture isolated from cabbage. 

Culture isolated from kale... 

Diseased cabbage plant.. 

.do. 

__do . .. 

8 . . .. 

9 . 

Nekoosa, Wis. 

Madison, Wis. 



Date 

received 


Apr. 1927 
May 1927 
July 1927 
Do. 

Do. 

Do. 

Do. 

Au*!. 1927 
Ot5t. 1927 
May 1928 
June 1928 
June 1030 
July 1930 
Do. 

Do. 

Do. 

Do. 

July 1931 
Auk. 1931 


The comparative pathogenicity trials of the isolates were.con- 
dieted by transplanting cabbage seedlings (or those of other sub- 
spae^es of Brassica oleracea) into soil that had been inoculated with 
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cornnieal-sand cultures of the several isolates. ^The cornmeal-sand 
medium was prepared by mixing equal parts of'yellow oornmeal and 
wliite quartz sand, moistening with water, and steaming for 1 hour. 
Approximately ecpial parts of the mixture were then placed in quart 
fruit jars, plugged with cotton, and autoclaved on 3 alternate days. 
Tube cultures of the isolates were used to inoculate the jars of the 
cornmeal-sand medium, which were incubated at room temperature 
for a period of 2 weeks or more. The inoculum was then mLxed 
thoroughly with clean compost soil and placed in the metal cans of 
the Wisconsin soil-temperature tanks. Seedlings that had been 
grown in yellows-free soil for a period of 20 days or more were trans¬ 
planted into the cans of artificially inoculated soil and exposed to 
the attack of the isolates under conditions of controlled soil tempera¬ 
ture maintained at 22® to 24® C. 

In these comparative patliogenicity studies identical conditions of 
inoculum and uniform conditions of soil moisture and soil tempera¬ 
ture were juaintained as closely as i)ossible. Care was exercised at 
all times to eliminate the possibility of contamination of one isolate 
by another during the proc-ess of soil inoculation, transplanting, etc. 

For the pathogenicity trials a number of varieties and strains of 
(cabbage and other subspecies of Brassica oleiacea were used. Homo¬ 
zygous susceptible lines of cabbage developed by Walker {4) were 
us('d, originating from several commercial varieties, as follows: 

(1) HC-27-A, from a crus.s between All Head Early and Copenhagen Market 

varieii(»8. 

(2) C 29~A, from Copenhagen Market variety. 

(3) >SP-(1C, from Late Flat Dutch \ariety. 

Homozygous resistant lines of cabbage also developed by Walker 
(4) were used. These had been shown to remain completely resist¬ 
ant on infested soil up to about 24® C. Above 26® they developed 
disease symptoms not typical of yellows, which are discussed in 
detail by Walker and Smith (6), The following lines were used: 

(1) 2(h 28 A and 20 -30-B, developed from Jersey Wakefield variety. 

(2) 30-28“A, developed from C\>pcnhagen Market \ariet\. 

(3) 40-28 A, developed from All Head Early variety. 

A number of F 2 progenies from crosses between resistant and sus¬ 
ceptible strains of cabbage used by Walker were included.’ Under 
Wisconsin held conditions he found tliese to segregate close to the 
ratio of 3 resistant to 1 susceptible. The progenies, exact pedigrees 
of which arc given by Walker (4), were as follows: 5HIA, H5ID, 
G201-1S, G51C. 

In the comparative study of subspecies of Bras^^ica oleracea com¬ 
mercial lots of seed were used, since selected lines were not available. 

EXPERIMENTAL RESULTS 

TRIALS WITH HOMOZYGOUS LINES OF CABBAGE 

The initial pathogenicity trials of the yellow's cultures were made 
upon seedlings of a commercial susceptible variety of cabbage. 
•After typicaUsymptoms of the yellows disease had been produced, 
the causal organism was isolated and new lots of the cornmeal-sand 
medinm were inoculated w'ith the cultures of proved pathogenicity. 
The isolates bearing accession numbers 1 to 11, inclusive, were pupi- 
fied by obtaining monoconidial or single hyphal-tip lines; isolates 
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12 to 19, inclusive,^ were not so handled in the earl^ trials, although 
later single hyphal-tip lines were obtained and studied. 

The first comparative trial of cultures 1 to 11 was made upon 
cabbage seedlings of 2 homozygous susceptible and 2 homozygous 
resistant lines. After 17 days' exposure in infested soil at a soil 
temperature of 24° C. the seedlings of the homozygous susceptible 
lines were all diseased, whereas the seedlings of the resistant lines 
showed no evidence of the disease. Although there was no indica¬ 
tion of wide variation among the isolates, the number of seedlings 
used in the trial was too small to give great significance to the results. 

In the next trial the number of seedlings was increased so that any 
variation in virulence might be more readily detected. Tlie results 
presented in table 2 show the reaction of 1 hojiiozygous susceptible 
line (HC -27-A) and 3 homozygous resistant lines (20 28“A, 30 "28“'A, 
and 40-'28-"A) to 10 isolates. All plants of the susceptible line suc¬ 
cumbed to each isolate except no. 6, which induced disease in 93 percent 
of the seedlings. The lower pathogenicity in this case was explained 
by a later demonstration that a nonpathogenic contaminant was 
present in the inoculum jar, resulting in a dilution of the pathogene 
and consequently in a less virulent attack. The three resistant lines 
of cabbage remained entirely free from disease symptoxus. The data 
presented in table 2 are typical of other trials, not presented here, 
with similar seedling material and the same cultures of the fungus. 


Table 2 .—Pathogemcity of itiolates of Fusartum cotigluiioatis upon S homozygous 
resistant strains and 1 homozygous susceptible strain of cabbage 


Isolate no. 


8... 

9-, 

10 .. 

11 .. 


PlauLs ol homozy¬ 
gous sus(ieptible 
strain- 1IC-27-A 


Total ' 

Diseased 

Number 

Percent 

(50 1 

100 

(50 

1 

100 

59 

100 

62 

100 

61 

93 

64 

100 

60 

100 

60 

100 

62 

100 


Plants of homozygous resistant strain - 


20 28-A 

30-28- A 

40 28- A 

1 

Total 

Diseased 

Total 

Diseased 

1 

Total 

Diseased 

Number 

Percent 

Number 

Percent 

Number 

Percent 

HO 

h i 

45 

0 

79 

0 

;§ 

0 

44 

0 

79 

0 

83 

0 



84 

0 

80 

0 

48 

0 

80 

0 

82 

0 

44 

0 

80 

0 

81 

1 0 

44 

0 

1 

0 

67 

0 

44 

0 

! 80 

0 

79 

0 

45 

0 

75 

0 



1 47 

0 



80 

0 

i 45 

0 

.... 

1 77 

0 


The comparative pathogenicity trials were next extended to isolates 
12 to 19, inclusive. In table 3 are presented the results of trials upon 
homozygous susceptible and homozygous resistant lines of cabbage. 
In three successive trials with a susceptible line (C-29--A) patho- 
g^city was uniform except in the case of isolate 16, which was less 
virulent than the others. Upon a second susceptible line (SP-GC) 
this strain eventually brought about disease symptoms in all of the 
seedling, but the disease pr^ressed much more slowly than in the 
case of the other isolates. The resistant lines gave no evidence efi 
disease. 
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Table -Pathogenicity of isolates of Fusarium conglutiypins upon 2 hornozynous 
resistant and 2 homozygous susceptible str^'>'^ of cabbage 



Plants of homozygous susceptible strain- 

- 

Plants of homozygous 
resistant strain — 




(^-29-A 


• 







Isolate no. 









... . 



.. . 


1 

1 

1 



hr 



O' n 


8-A 


1 'I’rial 1 

I'rial 2 

j Trial 3 








1 

'I'olal 

1 Dis- 
! easeil 

Total 

Dis- 

ease<l 

Total 

Dis- 

eiised 

'I'otal 

Dis¬ 

eased 

'I'otal 

Dis¬ 

eased 

Total 

Dis¬ 

eased 


\uTn- 

Pn- 

Nuni- 

Per- 


i Per- 

Xum- 

Per¬ 

Nurn- 

Per- 

Xuni' 

1 

Per^ 


1 ber 

1 cent 

ber 

cent 

ber 

cent 

ber 

cent 

ber 

cent 

ber 

cent 

12 . ... 


1 KJO 

10 

90 i 

8 

88 

15 

100 

55 1 

0 1 

60 

0 

18 

1 45 i 

' lUO 

10 

100 

8 

100 

15 

100 

73 i 

0 

75 

0 

14_ 

1 45 

98 

to 

100 

8 

100 

15 

100 

75 i 

0 

75 

0 

15 - . 

45 

1 UK) 

10 

100 

8 

100 

15 

100 

74 

0 

60 ! 

0 

1<»_ 

1 45 

1 42 

10 1 

80 

8 1 

25 

15 

100 

75 

0 

75 

0 

17 . - --- 

1 45 

! 100 

10 

100 

8 1 

88 

15 

100 

75 

0 

75 

0 

IS . . _ 

i 

98 

10 ! 

100 

8 * 

88 

15 

100 

57 

0 

60 

0 

h» . .... 

• 45 

1 

100 

10 

100 

8 ! 

88 

15 

100 

70 

0 

75 

0 


Single hyphal-tip lines were secured from isolates 12 to 19. Three 
lines were se(;ured from isolate 15; tw'o lines each from isolates 13, 
H), 17, and 19; and one lino each from isolates 12, 14, and 18. They 
were increased on cornmcal-sand medium and introduced into clean 
soil. Two homozygous sus(‘eptil)le lines and one homozygous resist¬ 
ant lino of (‘abhage were tested. The results, given in table 4, again 
show no evidence of infection of the resistant line. The data in 
table 3 show reduced virulence in the original isolate 16 but not in 
isolate 15. It is a[)parcnt, however, that all the lines derived from 
these isolates 15 and 16 show ed reduced virulence upon the susceptible 
strains of cabbage. This is the only evidence obtained in this study 
of anv marked variation in virulence. It is to be noted, however, 
that it was variation in the direction of lower virulence on suscepti¬ 
ble cabbage and not in the direction of increased virulence upon 
resistant cabbage. 


Table 4. —Pathogenicity oj hyphal-tip lines from isolates of Fusanum conglutinans 
upon homozygous susceptible and homozygous resistant strains of cabbage 


i 


Plauts ot homozygous susreptible 
strain — 


Plauts of liomozygous resistant strain 
40-28-A 


Hyphal4ii) line 


V-2XhA 


SP-GC 


Trial 1 


Trial 2 


12U 
18-1 
i;b2. 
14’J 
1^-1. 

15- 2. 

16- 3. 
16-1. 
16-2. 

17- 1. 
17~2. 

18- 1. 
19-1. 
19-2. 



Total 

' 

l^iseased 

Total 

Diseased 

Total 

Diseased 

Total 

A^umber 

Percent 

Numtur 

Percent 

Number 

Percent 

A^urnber 

12 

ICO 

13 

100 

12 

0 

10 

12 

92 

13 

100 

12 

0 

10 

12 

92 





10 

12 

100 

13 

m 

12 

0 

10 

12 

83 

13 

46 

12 

0 

10 

12 

58 





10 

12 

6G 





10 

12 

8 

13 

23 

12 

0 

10 

12 

25 





10 

12 

100 

. 13' 

loo’ 

12 

0 

10 

12 

100 





10 

12 

92 

13 

92 

12 

0 

10 

12 

100 

13 

100 

12 

0 

10 

12 

100 





10 









Diseased 

Ptreent 


cocccooccccoo© 
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TRIALS WITH Fj HYBRIDS FROM CROSSES BETWEEN RESISTANT AND 
SUSCEPTIBLE LINES OF CABBAGE 

> 

» '7 

The inheritance,, of .resistance in cabbage to the yellows oi^anism, 
lusarium conglutinans', has been found to be based upon a single 
dominant factor (4). F 2 hjrbrids of crosses between resistant and 
susceptible plants segreg(ite in the second generation in the mtio of 
3 resistant to 1 susceptible. The availability of seed led to a study of 
the reaction of 4 Fa progenies to 9 of the most vii’uleut isolates of the 
fimgus. It is to be seen fmm the results in table 5 that all progenies 
segregated very closely in the expected ratio of 3 resistant to 1 sus¬ 
ceptible when exposed to each isolation of the yellows organism. 

Tabuk T). —Pathogenicity of 9 isolates of Fumrinm congintinan>< upon Fg hybrids 
from resistant susceptible crosses 


¥2 strain 




5IIIA 


H 6 ru 


('201-ls 


(U.ir 

Isolate DO. 

c 

ee 

0 

s 

o’ t 

xa 

Q 

ce 

(A 

fl 

S 

It 

a § 

I 

a 

S 

It 

St 

w 

0 

S 

X 

a 

« 


cL 

'S 

O 

"S. 

o. 


& 

a 


0. 

a 


>, 

6 

'3 

<0 

1 

% 

.SS 
^ s? 

<u£i 

1 

'O 

ce 

•2 5 

n 

43 

0/ 

i 

H 

1 

1 

1 


W 

5 



A 


w 

5 

Cm 


Q 


ATw/n- 

Num- 


Alim- 

Num¬ 


Niim- 

Num- 


Num¬ 

Num¬ 


ber 

her 


bar 

ber 


bn 

ber 


ber I 

ber 

1 . 

46 

9 

2.2 

43 1 

15 

0.2 

38 

14 

0.5 

12 1 

4 

2 ... 

4k 

16 1 

.7 

48 

1 47 

14 

.7 

38 

14 

.5 

13 

3 


42 

16 

.3 

10 

1.9 

39 

13 

0 

20 ' 

10 

si’M r. L* 

46 

16 

.1 

49 

11 

1.8 

40 

12 

6 

21 

23 

9 

6. 

40 

19 

1.9 

40 

19 

1 9 

40 

12 

.6 

7 

8 . 

• 46 

16 

.1 

46 

15 

0 

41 

11 

.9 

22 

8 

9.. .. 

46 

! 12 

1.1 

44 

16 

.4 

37 

16 1 

,9 

12 

4 

10 . 

46 

15 

.1 

41 

19 

1.8 

39 

13 ! 

0 

2:1 

7 

11 . 

44 

17 

.6 

43 

16 

.6 

39 

13 

0 

25 

5 



-2 

e t 

£ 4' 



0 

( 

U 

I 


() 


» Deviation from the expected segroKation of a monohybnd, i e , healthy to 1 diseased. 


TRIALS WITH CERTAIN SUBSPECIES OF BRASSICA OLERACfJA 

Eight pf the isolates were tested upon New Snowball cauliflower, 
White Vienna kohlrabi, Moss-(’urled and Thousand-Headed kale, 
and Copenhagen Market cabbage. All these were commercial lots 
of seed and were therefore not expected to be uniform for resistance 
or susceptibility. Walker and Wellman (7) in field trials showed 
these subspecies to contain varying percentages of resistant individ¬ 
uals when commercial lots were used. The results of this trial (table 6) 
show that each subspecies contained a high percentage of individuals 
susceptible to each isolate. There are some fairly wide variations in 
the percentage ofindividuals of a given variety infected by the various 
isolates. This may be accounted for by the fact that the population 
of a given variety was homozygous neither for resistance nor sus¬ 
ceptibility, and therefore a much larger number of test plants in each 
case would be necessary to establish the significance of such differences. 
It is dear, however, that all varieties of the subspecies used were 
relativdy highly susceptible to the isolates used. Similar trials with 
Long Island Improved brussels sprouts and Georgia collarda gave 
corresponding results. In none of these tests was there any evidence 












Mar 1,1934 Uniformity Amoug Stvaim of Cabbage-Yelloivs Organism 407 


of selective pathogenicity for one or more of the si^)species of Brassica 
oleracea. ^ • 

Table 6. PalhogeriicU ff of S isolates of Fusariuin c(Jigliitinans ypon subspecies 

of Brassica oleracea 


T)iseasi»(l plants in-- 



Isolate no. 

(^abbage 

rauliflowor 

Kohlrabi 

Moss- 
Curled kale 

Thousand- 
Headed kale 



Percent 

Pereeni 

Percent 

Percent 

Percent 



90 

07 

57 

85 

02 



92 

85 


92 

58 



1(X) 

100 

71 

100 

80 



100 

77 

09 

92 

52 



1 S.'i 

75 

07 

07 

85 


- 

1 85 

75 j 

07 

77 

50 



' 100 

100 ’ 

71 

94 

59 


■■■ 1 

92 

1 58 

r.3 

' 92 

01 


The number of plants in each test of cadi isolate ranped from 10 to 23. 


CULTURAL STUDIES 

Throughout the routine transfer of the cultures of the fungus and 
the fre(|uent reisolations from diseased plants it was noted that the 
isolates resembled one another closely in gross cultural characteristics. 
(Vrtain experiments w^erc (‘(inducted to compare more accurately 
(heir cultural characters. The temperature range over which the 
cultures vvc're observed was from 20® to 28® C. The isolates were 
(‘onipared as to rate of colony giwvth, spore production, and pigment 
formation. The media us(h1 were malt-extract agar, potato-dextrose 
agar, steamed rice, oatmeal agar, and Richards’ nutrient solution. 

The rate of grow th of the fungus, as measured by increase in colony 
diameter, was studied on potato-dextrose and malt agars in Petri 
dishes. Precautions w'ere taken to insure equal conditions for the 
(‘oinparative studios, and tlie plates of a single isolate w'ere made in 
triplicate. Isolates 1 to 11 w^ere studied as one group; isolates 12 
to 19 and the hyphal-tip lines derived from them were comjiared 
later. The growdh rates of all fell within fairly narrow limits. The 
optimum temperature for all appeared to be that comimmly reported 
for Fvsariy^n eonghiiinans, namely, about 25® to 27® (\ All dis¬ 
played similar gross characteristics as to character and amount of 
aerial mycelium. It was noted, howTver, that the colony margin of 
isolate 10 w^as more sharply defined than that of the others, and that 
the aerial growth of isolate 10 w^as somewhat less abundant than the 
aerial growth of the others. Although the cultural characters of 
isolate 15 were typical of those commonly described for F. conglufi- 
rtans, the hyphal-tip lines derived from it displaj'Cd considerable 
variation in the character and amount of aerial growth. The cultures 
were compared as to color production upon the above-mentioned 
agars and upon oatmeal agar, steamed rice, and Richards’ nutrient 
solution. None produced color upon any of the media except steamed 
rice, wrhere a salmon-pink color w^as produced by all. Microconidia 
and chlamydospores were produced by all, wdiereas macroconidia 
were ^ound only occasionally. Saltations were not uncommon in 
the hyphal-tip Imes of isolate 15, whereas the other collections wei^e 
apparently very stable and failed to show tliis type of variation. 
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. DISCUSSION 

Cultural studies oK,a number of isolations of the cabbage-yellows 
organism failed to bring out significant differences in their behavior. 
These studies included comparisons as to rate of growth, color produc¬ 
tion, and sporulatiou. It is not the writer’s contention that the 
isolates of the fungus that were studied are identical, since certain 
minor differences m their behavior were evident. The variations 
that appeared during the cultural wmrk are being studied further to 
determine whether or not they are of significance. During the routine 
handling and observation of the cultures there has been evidence of 
sectoring only in the hyphal-tip lines of one of the isolates. In 
general the numerous isolates of the organism have been remarkably 
uniform in their behavior. 

The data accumulated in the pathogenicity trials upon selected 
lines of cabbage and upon other subspecies of Brassim olerac,ea are in 
accord with the general results of the cultural studies. The isolates 
gave one general type of reaction in which all concur. Lines of 
cabbage selected for susceptibility were unifonnly attacked by all 
except isolate 16 and the hyphal-tip lines from isolate 15, whioli differ 
only in showing a reduced degree of virulence toward susceptible 
plants. 

Further evidence of the uniformity of the isolates is presented in 
the comparative pathogenicity trials upon the F^ hybrids, in all of 
which a close fit to the expected 25 percent of diseased plants was 
obtained. No selective pathogenicity was displayed in trials with 
other subspecies of B. oleracea. Selected lines of cabbage that were 
homozygous for resistance showed no symptoms of the yellows disease 
when exposed to each isolate at a soil temperature of 24° C. 

Although strains 'of Fusarium conglutinans may occur which do not 
conform in their pathogenic properties to those studied, the wide 
geographic range covered by this collection of cultures strongly 
indicates that tliis species is very stable in its selective pathogenicity. 
There is reason to believe, therefore, that the varieties of the various 
subspecies of Brassica olerace^i selected for resistance in one locality 
will remain stable for tliis character in other localities. 

SUMMARY 

A study was made of the comparative pathogenicity and cultural 
behavior of 19 isolates of the causal organism of cabbage yellows, 
Fusarium conglutinans Wr., from 11 States. 

Comparative cultural studies of the 19 isolates and hyphal-tip lines 
derived from certain of them were made as to growth rate, spore 
production, and color production. The growth rates of all were 
similar when tested over a series of temperatures, no outstanding 
differences being noted. Microconidia and chlam^ydospores were 
produced by all isolates; macroconidia were not consistently present. 
On steamed rice all isolates produced a salmon-pink to flesh color 
after a week or more in strong diffused light. Sectoring was present 
only in the hyphal-tip lines of one isolate. 

Homozygous susceptible lines of cabbage were uniformly attacked 
by all except two of the isolates, in which the organisms were less 
vmilent upon homozygous susceptible cabbage. 
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All isolates of the fungus were alike in their inability to attack suc¬ 
cessfully the homozygous resistant lines of cabbag^* at 24° C, , 

In the ¥2 hybrid lines of resistant-susceptible jfrosses the percentage 
of plants that became diseased when tested aj^inst nine isolates was 
in all cases close to the expected 25 percent. 

The isolates showed no evidence of selective pathogenicity upon 
the six subspecies of Brassica oleracea that were studied. 

From the results presented in the foregoing data it is safe to assume 
that specialization is not a vital factor in the program of selection 
and breeding for resistance to the cabbage-yellows pathogene. 
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TOXIN PRODUCED BY BACTERIUM TA;;^ACUM AND ITS 
RELATION TO HOST RA^E ‘ 

By E. K. Clayton 2 ‘ 


Paihologisf, Dirisfon of Tohavro and Plant NutntinVj Bureau of Plant Industryy 
United Stales Department of Agncult are 

INTRODUCTION 

Since 1918, when the wildfire disease of toba(‘co (Nicotlava taba- 
cum L.) was orijirinally described by Wolf and Foster {13)^^ reports 
of its host range have varied from tobacco only to a large number of 
s])ecies in-many genera. Wolf (12) and Clinton and McCormick (S) 
considered the causal organism, Bacierinm tahacumy^ as limited to 
tobacco species. Chapman and Anderson {2)y however, reported 
infection on egg])lant, pokeweed, and petunia, and observed naturally 
o(*i'urring lesions on tomato. In 1924 Johnson, Slagg, and Murwin 
(8, p, ISO) reported results from inocidation experiments in which 
they secured infe<‘tion on species of 23 genera with indications that 
‘4he host range of Jiact, tahacum is very much larger than indicated 
by these results.’^ In 1929 SS,vulescu and Radulescu (II) reported 
a study of a serious tobacco <lisease in Rumania which they ascribed 
to Had. meUeum 3ohnson, but which appeai-s from their publication to 
be much more like wildfire. A feature (if their report was a ver}' 
extensive host range, with conclusions as to susceptibility of various 
families and species, uhich correspond closely with those reported 
l)y Johnson, Slagg, and Murwin (8). 

A complicating factor, however, was introduced by the discovery 
of Johnson and \Iurwiii t7) in 1925 that Bacterium tahacum secretes a 
toxic substance in culture, and that this substance when filtered free 
from bacteria and inocidated into leaves produces typi(‘al symptoms 
of the wildfire disease. Johnson and Murwin point out that this 
might raise a question as to the previously described host range, but 
conclude that “in most cases at least the organism was actively 
])arasitic, although the initial symptoms may have been j)roduced by 
(oxin introduced from cultures.’' 

The present study was undertaken as part of a general investigation 
of the tobacco leaf-spot diseases. 

TOXIN PRODUCED BY BACTERIUM TABACUM IN PURE CULTURE 

Bacterium taha-cum grows well on a variety of media, both lupud 
and solid, and i>roduces toxin freely on all media tested. The usual 
l)otato-dextrose broth proved well adapted for the experimental work, 
and was used throughout the tests. As previously indicated, the 
toxin can be secured free from bacteria by filtration, and the same 

» for puhileation Nov 20, 103;L issued May 1034 The investigations reported in this pam»r 

were conducted in cooperation with the Wiscon.sin Agricultural r:xi)€rmient Station. 

»The writer is greatly obligated to Dr. James Johnson, of the University of Wisconsin, for many heli> 
ful suggestions. ^ . 

» Reference is made by number (italicl to Literature (hted, p 425. 

Synonym: Phytomonan tubaca (Wolf and Fo.ster) Bergey et al. 


Journal oIAgricultural Research, 
Washington, D.C. 

r>aoa2 - 34 —3 


Vol no. 5 
Mar 1,1934 
Key no. 


(411) 



412 Journals oj Agricultural Research voi. 48, no. 5 

result can be secured by heat or chemical sterilization. It has been 
pofisible to demonsVate by these different methods that as early as 
24 hours after tranter toxin in appreciable amounts is present in 
culture tubes incubat^»l at 20° to 25° C. Cultures 48 hours old con¬ 
tain sufficient toxin to produce large leaf lesions, and cultures 5 to 7 
days old may be diluted with w^ater up to 16 times and still give a 
strong positive reaction wlien inoculated into the leaf. The accumula¬ 
tion of toxin hi liquid culture gradually ceases, and tests with cultures 6 
months old have shown no toxin, although living bacteria w’cre still 
present. That the bacteria in these cultures had actually destroyed 
their own toxin was proved by the fact that similar cultures sterilized 
when 2 weeks old contained an abundance of toxin at the end of 
the 6 months’ storage. 


PROPERTIES OF TOXIN 

The fact that cultures can be freed from the bacteria by passage 
through a Berkefeld filter and that the toxin is present in the filtrate 
has been established by Johnson and Murwin (7). This work was 
repeated and the results continued. In addition, collodion, collodion 
plus 4 percent glycerin, and cellulose sacks were ])re])ared. These 
three types of sacks were tested by filling with water, and all sliowing 
any signs of defect were rejected. The selected sacks were then tilled 
with (1) a sterile Berkefeld filtrate- and (2) 3-d ay-old Bacterium 
tahacum cultures. The filtrate secured from the sacks was inoculated 
into leaves, and in each case the presence of abundant toxin was 
demonstrated. Agar dilution plates w^ro poured from the culture' 
filtrate (2) and also from inoculated plants and no Bnct. tahacum 
bacteria were secured. These results indicated that the toxin was 
actually excreted by the bacteria, that it could be secured witiiout 
destroying the bacteria, and that the toxin particles were very small. 

Since the toxins known to animal pathology and also tlie virus 
causing mosaic disea.se of tobacco can be precipitated readily by lead 
acetate, the action of this substance and that of calcium acetate on 
the Bacterium tahacum toxin w^ tested. The procedure followed 
with neutral lead and calcium acetates was to add an ex(‘ess of a 
5-percent solution to separate portions of the filtrate from a Ti-day- 
old broth culture. This treatment raised the pH value from an 
original 4.3 to about 5. As there was no precipitate in the portion 
treated with calcium acetate, this portion was held without further 
treatment. The portion treated with lead acetate showed a thick 
gellike precipitate which was removed by centrifuging, and the clear 
liquid retained. The excess of lead was precipitated with sulphuric 
acid and ronioved, and the clear liquid was brought to a pH of 6.6 
with potassium hydroxide. Leaf-prick inoculations were made with 
(1) the original culture-solution filtrate, (2) the portion treated with 
calcium acetate, (3) the clear liquid left after treating a portion of 
one with lead a<‘etate, and (4) the same after precipitating the excess of 
lead and restoring to a pH of 6.6. The inoculation results were 
promptly and strongly positive with each lot, indicating that none of 
the treatments had affected the toxin. 

Diluting a culture solution with an equal volume of absolute alcohol 
did not precipitate or destroy the toxin. The alcohol mixture gave 
fK)sitive results on inoculation, as did also the clear solution remaining 
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after the alcohol had been driven off by heat^and the precipitate 
removed. After a culture solution had been Iviled with bone black 
and filtered, the toxin was still present in the^Itrate, 

Sulphuric and hydrochloric acids and y«)dium and potassium 
hydroxides were used to test the action ofAcids and alkalies. The 
toxin was comph'tely and rapidly inactivated by 0.25 percent of 
sodium or potassium hydroxide, and furthermore the inoculated 
leaves <leveloped no infections even after a month or more, indicatinj^ 
destruction of both toxin and bacteria. Ammonium hydroxide of 
similar stren< 2 ;th, however, did not affect the toxin. J^otassium 
(‘arbouate, a bash' salt, destroyed the toxin, thoug^h less rapidly than 
did the hydroxide, and a stronger solution was required. The action 
of alkalies on the toxin was not instantaneous, but took place over 
a considerable period as indicated in table 1. The action of the 
alkalies was not reversible, since solutions of toxin inactivated by 
treatment with sodium hydroxide and then restored to their original 
])n by achlin^ hydrochloric acid continued to ^ive negative results. 
Neither hydrochloric nor sulphuric acid of strength up to 0.5 per(*ent 
iiUK'tivated the to.xin. 
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It is be noted that the weaker strengths of the liydroxido (O.l 
and 0.15 percent) were completely effective in destroying the toxin 
after 24 houi’s and only partly effective after 1 hour. The value of 
the longer treatment was also evident with the potassium carbonate, 
which m strengths of 0.5 and 1 percent was completely effective 
after 24 hours and only partly effective after 1 hour. These and 
similar results would seem to indicate a slow breaking down of the 
toxin by the alkali rather than an instantaneous reaction. 

To test the effect of a powerful disinfectant, 10-day-old cultures 
*were treated so as to give 0.0375,0.075,0.15, and 0.3 percent solutions 
of mercuric chloride. After 12 hours tobacco leaves were inoculated 
with these solutions. Transfers were made from each treated lot to 
tubes of sterile broth, to check for the presence of living bacteria. 
The leaf inoculations gave stz’ong positive results, indicating an abun- 
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dance of toxin in ail. The transfers showed that even the lowest 
mercuric chloride QOiKentration had destroyed all bacteria. Sunilar 
tests were conducted wth formaldehyde, and here a^ain the bacteria 
were readily destroyed Vy comparatively low concentrations, but the 

toxin was not affected. • i ^ i-i-x 

It was early found that«this toxin had very high therinal stability. 
Originally temperatures of 50^ to 60° C\ were used, with exposure^ 
of 10 to 60 minutes, the plan being to find an exposure that would 
destroy the bacteria but not injure the toxin. On investigation, 
however, it was discovered that even steaming in the autoclave for 
30 minutes with 15 pounds pressure did not inactiv^ate the toxin, nor 
did boiling over a free flame for 3 hours, during the course of which 
the volume of the solution was reduced 87 ])ercent. It was shown, 
however, by testing the rediluted solution, tliat this prolonged boiling 
had destroyed a part of the toxin. 



Figure l.—Tobacco plants, showing eltect of toxin of Bacterium fabacum on entire plant after inoculation 
of vascular tissues of stem: A, Unino ‘ulated plant U!?ed as check; B, plant« weeks after inoculation of 
stem; the entire plant was yellow ed and stunted, although the bai'teria were present only in a small area 
around the iioint of Inoculation. 

ACTION OF TOXIN ON PLANT TISSUES 

The wildfire leaf lesion is veiy characteristic in appearance, so much 
so that the organism is usually identified by inoculating leaves and 
watcliing for the development "of the large yellow halo spots. Their 
circular shape indicates a diffusion of some substance out from the 
central point of infection, and investigation showed that the color 
of the halo was due to destruction of the green chlorophyll, which 
permitted the yellow carotene pignient to become visible. The chloro¬ 
phyll of many plafits was so sensitive to this toxin that a strong solu¬ 
tion applied to uninjured leaves caused the treated areas to turn a 
yellow green. Additional proof of the very powerful action of the 
toxin on chlorophyll was supplied by inoculating greenhouse tobacco 
plants in the stem (fig. 1). ^ The leaves above the inoculation turned 
yellow, though the actual infection usually remained confined to a* 
small area near tlie point of inoculation. Indications of a definite 
chemical reaction between the toxin and chlorophyll were supplied 
by ^experiments in which a fresh alcohol extraction of chlorophyll and 
a ^ttitifte of Bficterium tabacum were mixed half and half. After 
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several days a distinct precipitate was formed ^vhich on settling out 
left a yellow-green liquid in place of the origingreen. Similar tests 
with an organism such as Bad. arigulatvmA^ronune and Murray, 
which secretes no such toxin, gave no reactyiwi. 

Further evidence of a s[)ecifjc action of the toxin on chlorophyll was 
supplied by the following experiment: IfOts of tobacco and bean- 
leaf tissue were extracted with alcohol overnight, and then liquid 
cultures of Bacterium iabacum were treated with equal portions of (1) 
pure alcohol and (2) the alcoholic ohlorophyll extracts. After stand- 
mg 5 days, the alcohol w^as evaporated by heating and leaves were 
prick inoculated. The halos obtained with 1, the al(‘ohol-treated 
portion, were very large and deal; but with 2, the alcohol-chlorophyll- 



Fiuure 2’--Sfnup t)eiin plants showiiip exfrenn* susc*cpiibility to the toxin of Bacterium tabacurn. A, 
Check plants sprayed with water. li, Flautv sprayed with ordinary liquid culture of Bari, tahaeum 
diluted wnth an equal volume of water, jdants then held at 55” to 65” F. C, Plants treated as in B but 
held at 70” to HO”. Similar results were secured by means of sterile cultures. Tobacco plants treated 
in same manner shoxved a sliRht yellowing of some leaves but sulTered no permanent injury from the toxin. 


treated lots, only negative to faintly positive results were secured, 
indicating that tlie toxin had been largely inactivated. 

The chlorophyll of many kinds of plants is attacked by this toxin, 
and wide variations in susceptibility exist. Tobacco is only moder¬ 
ately susceptible, whereas the string bean {Phaseolus ndgaris L.) is 
extremely susceptible. Thus bean plants may be completely killed 
by spraying witii a toxin solution that only slightly injures tobacco 
plants (fig. 2). The action of the toxin is subject to the usual temper¬ 
ature law's, being greatest at high temperatures. 

GREENHOUSE EXPERIMENTS 

INOCULATIONS 

Omng to the difficulty of properly controlling conditions in the 
field, most inoculation experiments are conducted in the greenhoilfee, 
and this has been true of the previous work with Bacterium tabacurn. 
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The writer^s experirnents have covered a period of 2 years, and large 
nunlbers of tests und^a wide variet}^ of conditions have been made. 
The results secured aib summarized, since a presentation of the 
separate data would req\jire far too much space. The following is a 
bnef statement of the methods employed. 

Wound inoculations were made with glass tubes drawn to a point 
and broken off to give a small opening. The tube was filled with the 
inoculating liquid, and, as a prick was made, a drop of the fluid was 
left on the leaf. Spray inoculations were made with the usual atomi¬ 
zers, and in either case the j)]ants were placed in a damp chamber for 
3 to 5 days after inoculation. The work was generally conducted 
at temperatures between 70° and 80° F. Since the usual culture 
contained both bacteria and toxin, it was thougJit necessai’y, in addi¬ 
tion to inoculating with such cultures, to make comparative tests 
with the bacteria and toxin separately. Bacteria free from toxin 
were secured by centrifuging cultures, pouring off the supernatant 
liquid, resuspending the precipitate in distilled water, and repeating 
this procedure twice. The suspension of bacteria so obtained gave 
no test for toxin if heated and inoculated, and showed an abundance 
of living bacteria as evidenced by microscopic examination and l)y 
heavy infection resulting from spray or wound inoculations. Owing 
to its stability, it was very easy to secure solutions of the toxin fn*e 
from bacteria by sterilizing with heat and filtering through a B(‘rke- 
feld, or by treating with 0.05 percent mercuric chloride. 

It was soon apparent that short incubation i)eriods of 2 to 3 days 
obtained with wound inoculations were largely the result of toxin 
contained in the inoculating fluid. This quick appearance of infection 
was secured either with the culture solution containing both toxin 
and bacteria or with the toxin alone. When bacteria alone were 
used on tobacco leaves in a susceptible condition, usually about 7 
days were required before positive results were apparent (fig. 3). 
The subsequent development of the disease, how’^ever, was the same, 
and after 3 to 4 weeks the lesions secured with bacteria or with 
bacteria plus toxin were similar. The lesions from the toxin alone, 
on the other hand, soon ceased to develop, and after a few weeks 
were less conspicuous than the others, indicating that with tobac(‘() 
the first symptoms produced by the toxin of th(» inoculating fluid are 
supplemented by further symptoms as the result of toxin produced 
by the bacteria in the leaf tissues. 

Inoculations were made on many other plants, including cucumber 
{CvA^umis satims L.), cantaloup {Cucumis melo L.), bean {Fhaseolus 
fndgaris L.), Begonia sp., eggplant {Solarium melongena L.), bindweed 
{Convolvukms anmsis L.), Geranium sp., Ian tana {Laniana camara L.), 
oat {Arena sativa L.), petunia {Petunia hybrlda Hort.), pepper {Cap¬ 
sicum annuum, L.); poinsettia {Euphorbia pulcherrima Willd.), tomato 
{Lycopersicon esculentum Mill.), mustard {Brassica nigra (L.) Koch), 
and zinnia {Zirinia elegans Jacq.). The results from inoculations 
with toxin or with toxin plus bacteria were positive. In all of these 
the lesions appeared promptly and were large and characteristic of 
the wildfire disease (figs. 4 and 5). In the case of some of these* 
plants the lesions appeared very quickly and were in every way larger 
and more conspicuous than those secured in the comparative inocu¬ 
lations on tobacco. Positive results of this sort, however, were 
newr secured from inoculations with the bacteria alone. Not infre- 
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quently a narrow margin of dead tissue developed* around the inocula¬ 
tion wound and, in an extremely toxin-susceptihle plant like the be^in, 
small halo lesions occasionally apfieared. TJ^jere was, however, no 
subsequent development of the lesions, andfit is a signifi<*ant fact 
that writh all plants other than tobacco tfie lesions, wdiatever the 
inoculum used, developed to a maximum size within 10 days, wdiereas 
with tobacco they often continued to enlarge over a period of weeks. 
This diffej'eiiee in behavior is to be associated with information 
presented later on the ability of the organism to persist and multiply 
jn the tissues of various plants. The main result from the extensive 
series of w^ound-inoculation experiments was the fact that whereas 
t(»sts with toxin or toxin plus bacteria indicated that there were many 
plants susceptible to the disease and some of them very much more 



Khit HE 3 ' Tobjun'o leaf iiioculaleU wilh Hacitrinm tabaenm. I'he lower half was wouiHl-inoculaled with 
ail 8-day*old cullure rontaming an abuTHlanw of baolerm and tovln; the upper half, with bacteria w"a‘'hi‘d 
frw* from toxin. I’hotofrraph taken s days after inoculation, when halo Ip'sions resulting from bacteria 
l)lus toxin ranged in dlainpter uj) to thrpp eighths of an inch, with a fringe of dead tissue miniediatply 
around the central prick. Inoculations w ith bacipria alone were just begiiininc to show a faint j ellow ing. 
Three weeks later lesions resulting from bacteria plus toxin and those from bacteria alone were equally 
well developed. 


susceptible than tobacco, as judged by tlie size of lesions secured, 
tests with the bacteria alone failed to give positive results, except 
with tobacco. 

In addition to the wound inoculations, many tests were made by 
atomizing the leaves with diluted cultures, or suspensions of bacteria 
free from toxin. Other investigators have noted that this is a less 
(‘ertain method of obtaining infection than wounding. However, it 
w as found that by providing suitable conditions good infection could 
he secured on uninjured tobacco leaves. Inoculations on other plants 
generally gave no infection, but by repeated and extensive tests it 
was found that occasionally some lesions could be secured. Such 
lesions were obtained on cantaloup, cucumber, eggplant, and tomato. 
The difference in the results from spray inoculations on these plants 
as compared with those on tobacco was in the amount of infection. 
Thus with conditions so favorable as to give up to 500 infections 5n 
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individual tobacco leaves, 2 to 5 infections might result on the inocu¬ 
lated leaves of some bf the other plants. 



Fjqu»e 4.—Poinsettia loaves inoculated at same time and in same manner as tobacco leaf (fig. 3). A and H. 
Leaves inoculated with bacteria plus toxin; lesions ranged in diameter up to five eighths of an inch: central 
dead areas ranged in diameter up to three eighths of an inch. C and D, l<eaves inoculated with bacteria 
frw from toxin; some pricks had a narrow fringe of dead tissue, but there was no further development 
of lesion, even after fl weeks. Note that the striking results on A and JEf, without the check on C and A 
would Indicate that the iwinsettia is more susceptible than tobacco to Bacterium tabacum, 

ISOLATIONS 

ill previous work on host range of Bacterium tahacum im^tigators 
in some instances have regarded the appeai'auce of the characteristic 
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leaf lesions as positive proof of infection; in other cases tliey have 
reisolated the organism and proved its pathogenicity by reinoculation, 
thus completing the proof as prescribed by Ko^*h. The present writer 
has found that after wound inoculations it is ,^uite possible to reisolate 
the organism from many plants, but that t]^iy longer this reisolation is 
delayed the more dirticult it becomes, although leaf symptoms may 
continue prominent. The writer’s tests indicated that in plants other 
than tobacco and susceptible species of Nicoiiana the bacteria effect 
a temporary lodgment, but instead of multiplying and spreading they 
rapi'lly decline in numlier. The difference in the number of bacteria 
present 8 weeks after inoculation in tobai'co, as compared with that 
in other j^^ants, was readily shown by poured plates. The procedure 
follow ed w as to remove wdtli a small cork borer equal areas from lesions 



Fh.ukk S.— Bean leaves inoculated at same time as tobacco leaf (fig 3). .1, Lea\es inoculated with toxin, 
lesions ranged in diameter ui» to IH inches; central dead areas ranged m diameter up to one half inch 
il, leaves inoculated with bacteria; few small lesions, which made no further development. Bean-leaf 
inoculations with toxin alone freQuently pave e\en larger lesions than did mociilations with loxm plus 
bacteria. 

of similar age, wash in sterile water, crush, and pour dilution plates. 
An example of the data so secured is given in table 2. 

Table 2. — Dilution-plate cotints from tissues of plants inoculated with Bacterium 

tabacum 


Dilution plate no. 
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The data in table 2 were obtained during a period of medium tem¬ 
peratures (65° to 7i)° F.). Plants were also inoculated and held at 
temperatures of 55^* to with results indicating that the bacterium 
in plants other than tol^cco can survive longer under these cooler 
conditions. On the othemand, during very warm weather, even after 
3 weeks, it was often impossible to reisolate the organism from any 
plant except tobacco. It has been previously stated that some plants 
are much more sensitive to the action of the toxin than tobacco, and 
the bean is especially so. The sensitivity of the plant to the toxin, 
however, and the ability of the organism to establisli itself and to 
multiply in the plant tissues seem to have no relation to eacli othei*. 
Thus from inoculations made at the same time on bean and tobaci'o 
the lesions on the bean leaves were much larger than those on t()ba(*co, 
so that on the basis of symptoms one would classify the bean as highly 
sus(*eptible and the tobacco as moderately susceptible. (Consequently 
the general practice of measuring susceptibility of plants to a disease 
by the intensity of the symptoms produced appears to be misleading 
in the case of Bacterium tahacum. The bean, which is sus<‘eptible to 
the toxin, is a most unfavorable food plant for the bacteria (table 3), 
and hen(*e the ability of this organism to establish parasitic relation¬ 
ships is dependent not on sus(‘eptibility of the plant tissues to its 
toxin, but rather on some unknown (juality which favoi‘s the growth 
and multipli(*ation of the bacteria. 

T4BLK 3.— Dilution-plate countn from tuitues of tobacco and bean 4 ivecks after 
inoculation with Bacterium tahacum 
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FIELD EXPERIMENTS 

INOCULATIONS 
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In order to study tlio occurrence of wildfire disease under field 
conditions, plantings of tobacco were made with a number of other 
crops intermingled. Some of the plants used in tliis manner W'ere 
cantaloup, cucumber, bean, eggplant, pepper, tomato, sweetpotato 
{Ipomoea batatas (’L.) Lam.), potato {Sdanum tuberosum L.), water¬ 
melon {CiiruUus vulgaris Sclu-ad.), chrysanthemum {Chrysanthemum 
coronarium L.), snapdragon {AtUirrhmum majus L.), sweet alj^ssum 
{Alyssum maritimum L.), coleus {Coleus blumei Benth.), and ziimia. 
To inoculate the plantings uniformly the bacteria were grown in 
liter flasks and the diluted ciiltures applied with an ordinary com-’ 
pressed-air sprayer. Inoculations were made during rains at inter¬ 
vals tlirough the season, and infection consisting of a few scattering 
Ieai„on9 was secured at various times on cucumber, cantaloup, bean, 
pep'ixjr, and zinnia (fig. 6). The difference between the response of 





Mar. 1,1934 


Toxin Prodvml by Bacterium tabacum 


421 


these plants and that, of tobacco, however, was twofold: (1) The 
number of lesions so(mred on tobacco was very much larger than 'on 
any other plant; (2) with tobacco there was a continuous spread of 
the disease from infected to healthy leaves; with other plants there 
w'ere occasional lesions without subseciuent sil)read. 

ISOLATIONS 

Isolations and dilution plates from the lesions secured in the field 
plots gave restdts comparable to those already described for the green- 
liouse inoculations, except that whereas the plates from tobacco 
spots usually gave practically a pure growth of Bacterium tahucum, 



j^'KiVUE fi ZiTiuia Cll nnii i)eplH*r (H and i") letdlt»sionsresullinp from fipld spray inoculations with hac- 
tmum tahacum. Such (KX'aMoiial infections were secured with a vanetj of plants, and in some instances, 
at least, were not associated with wounds of any .sort. 


similar plates from the lesions on other plants often gave a very mixed 
bacterial growth. 

SUSCEPTIBILITY OF SPECIES OF NICOTIANA 

During the course of these experiments many varieties of Nicotiana 
tabacum and certain other Nicotiana species were successfully inocu¬ 
lated with Bacterium tabacum. No attempt was made at this time 
to resurvey the field covered by Anderson (I) in his study of the 
susceptibility of Nicotiana species. The methods adopted in lus 
inoculations" obviated completely the possibility of misleading toxin 
effects, 
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DISCUSSION 

The subject of tdxins has received attention from plant pathologists 
in recent years, and trie existence of toxic materials has been demon¬ 
strated in studies of certain wilt diseases by Young and Bennett (14), 
Fahmy (4), Goss (o), Ro'Sen (10), and others. These results indicated 
that the fungi concerned produced poisonous substances which were 
the direct cause of the wilting, tliis view replacing the earlier concep¬ 
tion of a mechanical plugging of the water-conducting tissue. These 
materials were mostly thermostable. In certain cases it was shown 
that the wilt-producing toxin of a particular parasite was effective 
in wilting other plants than the usual host. Likewise a given plant 
may be wilted by products from otlier fungi than the usual parasite. 
The general conception has been that these wilt-producing substances 
are probably poisonous growth products. The fact that plants have 
not been immunized against sueb toxic substances has also been cited 
bv Picado {9) as a reason for not considering them to be true toxins, 
rfowover, acquired immunity is imknown in plants, and this may be 
due to certain basic structural and functional differences betw'ecn 
plants and animals rather than to the fact that plant parasites do 
not produce toxins. 

With Bacterium tabacuni and the wildfire disease of tobacco, the 
question of toxic action has assumed importance in studies of environ¬ 
mental relations, overwintering, and host range, because of the general 
practice of inoculation by wounding and of regarding the development 
of a characteristic lesion as proof of infection. Studies of tlie prop¬ 
erties of the Bad. tahacum toxin indicated that it is jiresent in very 
young cultures and hence is not a gradual accumulation of waste 
products. In fact,,it is likely to disappear from old cultures. It is 
excreted by the bacteria. It has a specific action on chlorophyll 
tissue, with the death of other tissues following as a later development, 
and it is active in liigh dilutions. These properties indicate that it 
falls in the class of soluble exotoxins, and as such it differs distinctly 
from the exotoxins known to animal pathology. Those latter give 
protein reactions, they are destroyed by heating and are precipitated 
by heavy metals, while the toxin of liad. tabacuni is not. In this 
connection it may be noted that there has been a question as to 
whether the anixnal-parasite exotoxins are actually proteinlike or are 
merely closely linked to protein, and hence whether a pure exoto'xin 
would actually react like protein. 

Proof of the pathogenicity of an organimn is generally based on the 
well-known Koch postulates. Pathologists conducting studies of 
host range, however, have frequently regarded the production of 
typical disease symptoms after pure-culture inoculation as proof 
of a parasitic relationshm, and this procedure was followed in some of 
the previous work with Baderium tabacum. This practice rests on the 
assumption that the lesions must be the result of parasitic activity of 
the bacteria in the plant tissues. The writer’s experiments show, 
however, that with the usual method of wound inoculation it was 
possible to produce characteristic wildfire lesions on the leaves of mo^t 
of the plants tested, and that these results could be secured with 
solutions containing the bacterial toxin whether or not the b,acteria 
were present. Similar tests with bacteria washed free from toxin, 
BOwevttr, consistenUy produced typical wildfire lesions only on 
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tobacco. Further investigations indicated that the degree of sus¬ 
ceptibility to the toxin was a stable proi3erty varying widely with 
different species of plants. With the bean, a highly toxin-susceptible 
plant, the lesions ranged up to 1 inch in diameter and the dead central 
area was surrounded by a broad halo band. . Ij(‘ttuce {Laduca sativa 
L.) was nearly nonsusceptible, and the inoculated leaves showed only 
faint halo spots. Tobacco proved to be only very moderately toxin- 
susceptible. The following explanation of the mechanics of these 
lesions is suggested. 

The wound inoculations provided entrance into the leaf for a small 
amount of the toxic substance, w'hich diffused out from the central 
point into the tissues. The leaf chloroplasts appeared to be most 
sensitive 4o the toxin action, and were destroyed first. The disin¬ 
tegration of the chlorophyll made the yellow carotene pigment visible, 
and hence a yellow' halo spot was formed. With many plants this 
was the extent of the lesion, but with certain very susceptible plants 
the tissues in the center that received the most toxin were killed en¬ 
tirely, and the yellow halo then appeared around this central dead area. 
These lesions, therefore, were fundamentally chemical in nature and 
not a proof of parasitism, since various chemicals similarly pricked 
into leaves would result in producing lesions of various types, and 
differences in the susceptibility of species could doiioiil^fifi^be estab¬ 
lished. Final proof that susceptibility to the Baderiim tHh(tclhn 
toxin and susceptibility to parasitic attack by the bacteria are not 
correlated is supplied by the fact that the wound inoculations with 
toxin and bacteria used separately give very different results, the 
conclusion being that many plants are susceptible to the action of the 
toxin w^hile only tobacco is susceptible to attack by the bacteria. 

Infection as it occurs under natural conditions, of course, is not 
complicated by toxin effects, such as occur in conducting w ound inocu¬ 
lations with i)ure cultures. In nature the bacteria are spattered 
from leaf to leaf by rain, and generally penetrate the uninjured leaf 
surface. It is significant that under such natural conditions nacierium 
tahacum has not been found infecting any plant except lobacco. Of 
previous investigators, only two have observed natural ihf^ctidtl (111 
plants other than tobacco. Wolf {12) observed lesions on cowpeas 
{Vigna nnevns (1^.) Endl.) wiiich appeared to start around insect 
punctures. These lesions remained small, and his conclusion wuis 
that the organism was ‘‘certainly not actively parasitic.’^ Chapman 
and Anderson (2) observed lesions on tomato leaves w'hi(ii appeared 
to have started around injuries, 

A second line of evidence considered by pathologists in deciding 
on host relationships concerns the demonstration of the presence or 
absence of viable pathogenic bacteria in the plant tissues after suc¬ 
cessful inoculations us judged by the production of disease symptoms. 
This reisolation and identification of the organism constitutes the 
concluding steps as prescribed by the Koch postulates. 

In these experiments, the organism was reisolated from a variety 
of plants. Keisolation was most readily accomplished in the greeri- 
bouse experiments, since in the field the lesions on plants other than 
tobacco were soon contaminated by saprophytic bacteria. It was 
also usually necessary with these other plants to make the reisolations 
no later tnan 4 weeks after the inoculations. These reisolations did 
not always consist of merely removing the bacteria from the poi^t at 
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which they wwe originally placed, as, in the case of the bean, the leaf 
tissue around the point of puncture was killed, and yet the bacteria 
could be recovered from the inner edge of the chlorotic area. The 
pathogenicity of the recovered bacteria was readily demonstrated. 
Evidence of this sort lught be accepted as definite proof that the 
plants concerned were Lost plants, and, if this point of view were 
taken, then the list of Host plants for BaHerium tabacuni could be 
expected to include the greater part of the plant kingdom, since 
plants nonsusceptible to the toxin are the exception, and the bacteria 
usually remain alive in the various plant tissues for some time. 

As opposed to this point of view, the following arguments may be 
advanced: (1) The production of typical leaf lesions by wound inocu¬ 
lations with cultures containing toxin cannot be considered as proof 
of parasitism on the part of the organism, since these lesions were 
obtained with the toxin whether or not living bacteria were used, 
(2) The significance of the presence of the bacteria in the tissues of 
such plants as bean, tomato, and cucumber, after wound inoculation, 
would appear to depend on further information as to the state of their 
activity in the tissues of these plants. Thus the bacteria are known 
to be able to remain alive in lirnited numbers for a period of montfis 
in diseased leaves that are air-dry, and even on such materials as the 
wood or cloth used in the building of plant beds, and yet it would not 
be suggested that under these conditions they were active as parasites. 
It was shown by dilution-plate counts that after wound inoculations 
the bacteria in the leaf tissues decrease rapidly in all plants ex(‘ept. 
tobacco. Consequently after a few weeks there may be 1,000 times 
as many bacteria in the tobacco tissues as in bean tissues, for exami)le, 
and later all the bacteria may be dead in the bean leaves but they still 
remain abundant in the tobacco. A reasonable conclusion would 
appear to be that in* the dead or weakened tissues that result from the 
action of the toxin some bacteria are able to live and perhaps secure 
food and reproduce for a short time, without, however, being parasitic 
in the sense that they are on tobacco. 

The view that parasitic organisms are quite incapable of existing in 
tissues of plants other than their host plants is further weakened by 
the results secured by Young (/5), who found that under favorable 
artificial conditions many parasitic and saprophytic fungi were able 
to invade to a limited degree the tissues of numerous plants, but that 
under normal conditions such infections did not occur. On the basis 
of his ability to produce infection and to reisolate, he was able to list 
vsoine 200 new disea.ses. Johnson (6*), in similar experiments, was able 
to demonstrate that Colletotrkhum cireijuins (lierk.) Vogl. could 
invade the tissues of 20 out of 22 species of plants tested, and could 
be reisolated after surface sterilization, yet so fai* as knowm this fungus 
under natural conclitions attacks only species of Allium. 

Host range is a matter of considerable practical importance because 
plants listed as hosts are usually regarded as liable to attack by the 
disease under field conditions, and hence they offer possible means 
whereby the disease may be carried over winter or be introduced into 
new areas. It is UvSually assumed that host plants provide a favorably 
medium for the multiplication and spread of the parasite. With the 
exception of tobacco, none of the plants studied showed indications of 
being liable to infection under natural conditions or of providing favor¬ 
able c4>iiditions for the multiplication and spread of the bacteria; 
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consequently it is concluded that only species of Nicotiana. should be 
regarded as hosts of Bacterium tabacum. 

SUMMARY 

Bacterium tabacum Wolf and Foster, cause of the wildfire 
disease of tobacco, secretes a powerful toxin. This toxin passes 
readily throng!) the ordinary filters, is not precipitated by alcohol or 
by neutral calcium or lead acetates, is not removed from solution by 
boiling with bone black, is not affected by formaldehyde, mercuric 
chloride, or acids, and is thermostable. It is quickly inactivated by 
dilute alkalies. 

When ])ricked into leaves this toxin destroys the chlorophyll and 
produces the halo lesions typical of the wildtire disease. The leaves 
of many plants are sus(*eptible to the action of the toxin, some being 
much more sensitive than tobacco. 

Inoculation experiments with (1) toxin alone, (2) toxin plus bacteria, 
and (3) bacteria alone yielded large conspicuous lesions from 1 and 2 
on a wide range of jdant species. With 3 the results were either no 
lesions or else lesions that remained small and undeveloped in the 
case of all plants tested, with the exception of species of Nlcotlana, 
Tobacco leaves inoculated with toxin-free bacteria developed lesions 
more slowly than tl)ose inoculated with a combination of toxin and 
bacteria, but the end results were the same. 

Poured-plate isolations from many inoculations have shown that 
in plants other than tobacco the bacteria survive for a few wrecks but 
gradually become fewer and finally die out entirely. In tobacco leaf 
tissues they continue to live and multiply. 

Many plants on which the disease does not usually occur and in 
the ti.ssues of which the bacteria cannot indefinitely persist may be 
successfully inoculated as judged by (1) the production of typical 
wildfire leaf lesions, (2) the ability to reisolate the organism, and (3) 
po.sitive results from reinoculation. Hence the advisability of iin- 
oualified acceptance of the Koch rules of proof is (juestioned for 
diseases such as the one under discussion. 

It is considered that only species of Nic(fflana should be regarded 
as true host plants for BacUrUm tabacarn. 
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CHARACTERISTICS OF THE PIROPLASMS BABESIA 
ARGENTINA AND B. BIGEMINA IN THE UNITED 
STATES' 
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Department of Agriculture 

PURPOSE OF INVESTIGATION 

The purpose of the present investigation was to detennine (1) what 
species of Babesia occur in this country, (2) what their inorphoJogical 
and physiological characters are, and (3) whether there is any varia¬ 
tion m their reaction to trypan blue, wdiich thus far has been the most 
promising means of treating clinical cases of babesiasis. In order to 
ascertain whether B. argentina is a valid species, the morphological 
characters of pirophisms occuring in Kurope, Africa, and wSouth 
America were also studied. 

REVIEW OF LITERATURE 

VALIDITY OF PROPOSED GENERA AND SPECIES 

In lSi)3 Smith and Kilborne (/5) ^ stated that the sha])e of piro- 
plasrns resembles that of a])ple seeds. Subsecjuent investigators have 
shown that the piroplasm nucleus is composed of chromatin particles 
occurring in more than one body; in other words, the chromatin 
material is scattered. Up to the present time nothing else of mor¬ 
phological importance has been added. Therefore, there appear to 
be no valid criteria for a number of genera that have been proposed 
in the family Babesiidae Poche, 1913, and the writer concurs in the 
views of Wenyon (15) and Keichenow' [10) that only one generic 
name, Haheski vStarcovici, 1803, is valid, and that the following names 
are synonyms: Piroplasma l^itton, LSOo; Nicollia Nuttall, 1908;xVi//- 
tallia Franya, 1900; Smithia Fraii^aT 1900; Bossiella Nuttall, 1912; 
Mkrobahesia Solms, 1918; Babesiella Mesnil, 1919; and Frangalella 
Yakimoll, 1926. Under these mimes are reported parasites of bovines, 
ovines, equines, canines, and rodents. 

The occurrence in Argentina of two species of Babesia^ B. higemiua 
and B, argentinUj was iirst reported by IJgnieres (5). In material 
colle<‘ted from cases of piroplasmosis in liouisiana, the wTiter (8) noted 
that the piroplasms were scanty in the peripheral blood; that they 
w^ere abundant post mortem in the organs, minute in size when com¬ 
pared with other piroplasms known to be B, bigemiuOy and that 
(juadruple infections of erythrocytes were common. Dennis,*^ of the 
University of California, noted a resemblance to the genus Akittallia 
and regarded the species as diflerent from Ji. bigernina. Becker,'^ of 
the Iowa State (/ollege of Agriculture, noted that the angle between 
the longitudinal axes of membei-s of the intraglobular couple was 
usually about 180^^, whereas in B, bigemina wdiich he obtained from 
Texas it was seldom greater than 60®. Therefore, Becker and Rees 
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(^) reported the occurrence in Loiiisiana of a species of Babef^ia 
(syn., Piropla^srna'Pnitorif 1895) in addition to the well known 
B, higemim. This other species, reported by Rees (8) as B. bigemimy 
has been determined as B. argentina Ligniferes, 1903. 

It appears advisable to recognize Babefda bigemina and B. argentina 
as valid species, although^enyon (/^), Schilling (77), and Reichonow 
(70) do not concur in this view. B. bonn Starcovici, 1893, is com¬ 
monly recognized as a valid species; it is a very small piroplasni like 
/?. argentinay and resembles the latter also in that the angle between 
longitudinal axes of the couple of intraglobular parasites is usually 
about 180°, but it differs from B. argentina in that it is located in 
the margin of the infected erythrocyte, whereas H, argentina is located 
in the center. As is shown by the data of the present paper, B, 
berbera Sergent and collaborators, 1924, {12) resembles B, argentina, 
Yakimoff and collaborators (7f/, 77, 18y 19) have proposed several new’ 
species for forms occurring in northern Europe and in Asia that are 
practically indistinguishable from B. argentina. 

PIROPLASMS STUDIED BY SMITH AND KILBORNE 

The report of Smith and Kilborne {IS) carries adequate evidence 
that they were dealing wdth both Babesia bigemina and B. argentina. 
They show^ in plate 7, figure 2, drawn from a capillary in the kidn(\y, 
what is clearly a pure infection with B. argentina; the parasites are 
uniform in size, being not more than 2 !' 2 Ai long, which is much too 
small for B. bigemina. In plate 4, figure 4, and plate 0, figures 1 and 2, 
they show" the commonly occurring quadruple infection of erythrocytes 
w"hich characterizes an infection with B. argentina. They report 
v^ery severe infections and state (/5, p. 01) that ‘‘a long seandi is 
necessary before one (parasite) is brought into view ’', aiid they say 
further in the same paragraph: ^‘When present in (*onsiderable num¬ 
bers in the blood the infected corpuscles usually appear in groufis in 
the field of the miscroscope as is shown in the figure referred to 
(pi. 5, fig, 2), and not uniformly distributed.^' In further explanation 
of the figure they state: ‘^The a|}^earance of the infected corpuscles 
in groups * * * vv’jis (‘sjiecially marked in this animal." Ligni- 

6res (5) pointed out that the latter phenomenon is a characteristic 
of infections produced by B. argentina but not of infections produced 
by B. bigemina. Although it has been copied in te.xt books as a 
figure of B. bigeminay this illustration of Smith and Kilborne (fil 5, 
fig. 2) is clearly a figure of B. argentina. The following statement 
occurs in their paper {13, p. 01): 

With only 1 or 2 per cent, or even 10 percent, of infected corpuHeles in the circMj- 
lating fluid, it would be difficult to account for the enormous daily losses of blood 
corpuscles in the acute fever. The difficulty is cleared up by sacriheinj? an animal 
in the earlier days of the fever and examining the internal organs for infected 
corpuscles. Large numbers of parasites are found withi?i corpuscles in the 
capillary blood of congested areas, such as those of the lieart muscle and of the 
omentum. 

The foregoing citations are good descriptions of a typical infection 
with Babesia argentina, but not of one with B. bigemina. 

Intraglobiilar forms of the parasite are illustrated in Smith and 
Kilbome’s paper (IS) in text figure 3, which shows that the angles 
.between the longitudinal axes of the couples are about 150°,' 160°, 
and 180°, respectively; the organisms figured are Babesia argentina. 
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On the other hand, in plate 5, figure 3, a smear of peripheral blood, 
the organisms are B. bigemina; a solitary spindle-shaped form is 
about 7 m long, which is longer than the diameter of the normal 
bovine corpuscle, whereas the other parasites in grouped couples are 
4 m long. The unstained parasites figured in ])late 8, figures l-f), are 
B. higemina. Though other pertinent citj/tions might be furnished, 
the data jiresented by Smith and Kilborne show adecpiately that two 
s{)ecies of Babesia, B. bigeiniim and B. argentina, were seen and de¬ 
scribed by them under the name Pyrosorna bigeminum. 

EFFECT OF TUYPAN BLUE ON PIROPLASMS 

A munber of jirominent veterinarians who have large <*attle practices 
in Louisiana have told the writer they they do not use trypan blue in 
(‘ases of bovine piroplasmosis. These })ractitioners stated that 
whereas in certain outbreaks clinical cases were cured by intravenous 
injections of the drug, in other outbreaks it had no apparent efl'ect. 

Trypan blue was found by Nuttall and Hadwen (7) and by Theiler 
(/4) to be a specific in infections with Babesia ranis (I^iana and Galli- 
Va'erio, ISOo) and B. higemina, but was found by Brumpt (3) to have 
no marked thera|)eutic action in infections with B. argentina. 

MATERIAL 

'fhe material used in the present investigation was ol)tained from 
the following sources: (1) Smears from the heart of a. cow' that was in 
a hcF'd of purebred flolstein-Friesians, at Lafayette, La., in which 12 
out of about 13 cases of infection with Babesia argentina proved fatal; 

(2) a. strain of this si)ecies of Babesia obtained b}^ infe(*ting another 
cow at the fJeanerette station witli the progeny of a tick, Boophilus 
annalatus (Say, 1821), (iirtice, 1801, taken from one of those cows; 

(3) 35 other cases of infection with B. argentina, all occurring in 
Louisiana; (4) 8 cases of infection with a strain of B. higemina shipped 
to fleanerette, l^a., in blood from Texas: (5) 2 naturally occurring 
Louisiana cases involving B. higemina: and (B) smears of the following 
piroplasms which were sent to the wTiter through the courtesy of the 
investigators named: Babesia boris from Dr. R. Wetzel of the 
Tieriir/tliche 11 ochschule, 11 annover, (lermany; BabesieUa herbera 
froju Dr. Sergent, of the Institut Pasteur d’Algerie; BabesieUa minor 
Quevedo, 1918, and Babesia bigemina from Dr. F. Rosenbusch, of 
Buenos Aijes, Argentina. The WTiter believes that all these forms 
belong in the genus Babesia and consideis BabesieUa minor a synonym 
of Babesia argentina. 

MORPHOLOGICAL CHARACTERS OF THE PIROPLASMS 

BIOMETRY 

Table 1 shows that Babesia bigemina is longer than B. argentina, the 
latter bein^j about the same length as B, berbera, and, furthermore, 
that B. bovis is the smallest of the four species. The various forms of 
Babesia occurring in the peripheral blood have mean lengths that vary 
from 2.26 ± ().04m (smear of B. bigemina from Argentina) to 5.00 ± 0.05^ 
tor B. boms. There w^ere three length groups, about 4, 3, and 2.25|u, 
rospectivelj?, with li. hgemina in the first group, B. argentina and 
B. herbera in the second, and B. boris in the third. The ranges in 
length (table 1) were from 2.5 to 5.5^ for B. bigemina, 2 to 4.5jit for 
B. argentine, 2 to 5n for B. herbera, and 2 to 3^1 for B. bovis, so tW, 
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except for B. hovis^ there was almost complete overlapping. In 
smears of B, bigemina from Argentina the parasites were longer than 
in smears of the same species from Texas, the means being 5.00 ± 0.05)u 
and 4.02 ±0.04/x. This fact supports the statements which are found 
generally in the literature ^-hat discontinuous variations occur between 
different strains in the same species. 

Table 1 shows that B. bigemina occAirring in smears made from the 
heart is smaller than in those made from the peripheral blood, the 
mean lengths lieing 4.02 ±0.04ft and 3.70 i: 0.04iLt; this applies also to 
B. argentina, with corresponding lengths of 3.14±0.04 m and 
2.75±b.03iu. However, in each species these differences of less than 
Iju were not so great as those shown in the drawings by Smith and 
Kilborne {IS) all of which were supposed to be of B. bigemina, 

Tablk 1 . —Length of specimens of Babesia and magnitude of angle of the infra- 

globular couple 
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Table 1. —Length of specimens of Babesia and magnitude of angle of the intra- 
globular couple —Continued 


BABKSIA ARGENTINA (SYN. BAliESIELLA MINOR) 




1 Length 

Magnitude of angle 

Kind of smear and source 


_JL.. 





M icroiis 

j Frequency 

Degrees 

Frequency 




2 0 

! :i 

20 

1 



2.5 

1 8 

30 


Peripheral blood (Argentina). 

-- 

‘A 0 

A 5 

10 

W) 

120 

(i 

1 



4 0 

I 1 

150 
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- . 

1 - - . 

180 


Mean or total... 
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BABESIA BERBERA (SYN 

, BABKSIELLA BERBERA) 
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With respect to the angle occurring between the longitudinal axes 
of the members of the couple in piroplasms, the writer’s data show 
two main groups as follows: (1) B, bigemlna^ with u mean angle of 
57° in the Texas strain and 82.8° in the Argentine strain;^ and (2) 
B, argeni’ma from Louisiana and Argentina, B. berbera (syh., Babe- 
berbera)^ and Babesia boris^ in which species the range of 
the mean angle was from 93.3° for B. berbera to 136.4° for B. bovis. 
It will be noted from table 1 that for all the species in the second 
group, except B, berbera^ the mode was about 180°. The latter species 
was bimodal, i.e., at 90° and 180°. A difference of 20° between the 
means of B, argeniiria in the peripheral blood and in the heart 
blood shows that in a given species this character is subject to wide 
variations. In living couples of B. argentinaj the writer has observed 
rapid rotations from an angle of 90° to one of 270°. In fixed material, 
the maximum figure that can be read is 180° and, therefore, the sta¬ 
tistics may not snow the real differences between the angles of the two 
^ species. Table 1 shows that in the four species of piroplasms the 
* range of variation was from 20° to 180°, i.e., there is complete over¬ 
lapping. Although in the smaller Babesiay i.e., B. argentina, B, ber¬ 
bera,*md B, boms, the mean angle is greater than in B. bigemina, the 
limits of variation in all four species are the same so far as the angle 
is concerned. 
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CYTOLOGY 

Drawings, all on the same scale, of Babesia higemina, from Texas, 
B, argentma from Louisiana and Argentina, B, herbera from Algeria, 
and B, boms from Germany are presented in figure 1. These drawings 



FiQtjiufr 1.—Camera luokla drawings of fonr species of Babesia: -4, B, C, B. bigemina from peripheral blood: 
J), B. bigemina from heart blood: B. argentina from peripheral blood; O, //, B. argentina from heart 

blood: I. B. argentina (syn., Babesiella minor) from peripheral blood; J, K, Babesia herbera (syn., Babe- 
sieMa berbera) from peripheral blood; L, Babesia boj is from peripheral blood. B, from a preparation stained 
with iron haemutoxyhn; all others with CUemsa’s stain. 

show in general the same features as those of previous investigators: 
there are no morphological criteria other than size, magnitude of 
angle, and position within the erytlurocyte for the determination of 
spe^ws. 
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Typical forms of Babesia bigemina are sliown in figure By and 
C, Figure 1, B, from a preparation which was stained in iron 
haematoxylin, shows a fine fibril such as was described by Dennis (4) 
as the rhizoplast. It could not be found in preparations in wliich other 
stains were used. The writer was unable to difrercntiate the structure 
which Dennis (4) described as the nuclear membrane. However, 
there was usually a halo about the large chromatin granule. 

Figure 1, D, illustrating the appearance of Babesia bigemina from 
the heart, sliows 1 mass of chromatin in the nucleus, not 2 or 3 masses 
such as occur in parasites from peripheral blood; this characteristic 
was general in the writei’^s material. 

Figure I, K to //, illustrates Babesia argentina from Louisiana, K 
and F being from peripheral blood and G and 11 from heart blood. 
G is similar to the coufile of spindle-shaped parasites shown in text 
ligure 3 of Smith and Kilborne^s {IS) pajier. These authors men¬ 
tioned spindle forms as being typical of B. bigemina. The writer has 
found spindle forms consistentiy in B. argentina but never in B. 
bigemina. 

Jy in figure 1, is Babesia argentina (vsyn., BabesieUa minor) from 
Argentina. J and K are B. herbera (syn., BabesieUa berbera) from a 
pn^.paration by the Institiit Pasteur d’ Algerie. The size of B. berbera 
in J is similar to that of B. bigemina; although large parasites were 
rare in B. herheray their occurrence was demonstrated by statistics also. 
B. berbera (K) is indistinguishable from B. argentina (F). Figure 1, 
Ly shows that H. bovisy which was received from Hannover, Germany, 
was easily distinguishable from the three other species both by Tts 
smaller size and by its marginal position within the erythrocyte. 

PHYSIOLOGICAL CHARACTERS OF THE PIROPLASMS 

NUMBEK inJRING LIFE IN THE PERIPHERAL BLOOD AND POST MORTEM IN THE 

ORGANS 

In the writer’s cases of Babesia argentina infection, the parasites were 
scanty in the peripheral blood, agreeing in this respect with descrip¬ 
tions of infection produ<*ed by this species in other parts of the world. 
On September 18, 1931, blood was drawn from a ^Varrier” at Kaplan, 
La., defibrinated, and then injected intravenously into two Byahman- 
Hereford cows, nos. 77 and 78, at Jeaiierette, La. Both cows reacted 
on the sixth day, no. 77 died on the eleventh day and no. 78 on the 
twelfth day; each case had haemoglobinuria for 3 days prior to death. 
During this time infected corpuscles were scanty and hard to demon¬ 
strate in the smears. In occasional smears, Iiowhh er, they were plen¬ 
tiful; when plentiful they occurred in groups. Figure 2 shows the 
occurrence of B. argentina in 15 out of 16 corpuscles in the blood of 
cow 77. 

It has been stated elsewdiere in this paper that w^heroas Babesia 
argentina was scanty in the peripheral blood it occurred abundantly 
in smeoTs made from the organs. Figure 3 represents 16 corpuscles 
in a capillary of the brain of cow^ 77; 15 of the corpuscles w-cre parasi- 
^tized; in one case there was a quadruple infection, in another a triple 
infection, and there was one couple of extraglobular piroplasms. 

In Babesia bigemina infections the parasites were numerous in the 
peripteral blood and were imiformly distributed, never occuning in 
groups as in the case of infection produced by B. argentina. Capilla¬ 
ries which were congested with infected erythrocytes were not f??^nd 
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post mortem in the organs, not even in the brain. This was in marked 
contrast to the cbndition occurring in fatal cases produced by B. 
argentina. 

The foregoing data indicate the following things: (1) The principal 
seat of multiplication of Babes^ia argenima is in the capillaries, par- 



FiouRK 2.—Camera lueida drawini^s showing the oecurrenoe of Babetia arffeniina in U out of 18 corpuscles 
of tlie peripheral blxKid; live blood from cow 77, 

ticularly in those ^ the interned organs, and when released into the 
peripheral circulation fi. argentina occurs in clusters and is not uni¬ 
formly distributed; (2) infectioits with B. bigemina are beayy in the 
peripheral blood; (3) in the peripheral blood B. Mgetnina does not 
occur in groups as does B. ar^'tUxna; (4) the infections with B. Irige- 
mjna in the capillaries of the internal organs are light as compared, 
with those of B. argentina. 

BEHAVIOR IN Cm.TDRE 

^ the method of B^s and Johns (f) the writ^ was. able to 
eii|^?yate Beaeaia argentma for 96 hours, but he did not succeed in 
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establishing subcultures. B, bigemina could not be cultivated, the 
parasites becoming rounded up within 
several hours after transfer to the cul¬ 
ture tubes and disappearing within 36 
hours. 

JIEACJTIONS TO TRYPAN BLUE 

A case of infection with Babesia 
bigemina was discovered in bull 70 on 
April 2, 1932, at the experimental barn. 

Rees {9) lias reported this case as one of 
accidental transmission by an infected 
lancet. A count on April 2 showed 120 
infected eiytlirocytes per 1,000. This 
bull weighed 650 ])ounds and was treated 
by intravenous injection with 600 mg of 
trypan blue in 500 cc. of physiological 
saline. In smears which were taken 4 
hours after treatment there was only an 
occasional parasite, and on the following 
morning there w ere none, llie prognosis 
on the morning of April 4 was favorable, 
but the bull was accidently killed by a 
drenching procedure. Smears from the 
heart, brain, spleen, and liver were all 
negative for pirophisms. 

Bull 71 had a very severe case of infec¬ 
tion with Babesia bigemina on August 2, 

1932, the urine bemg colored a deep 
blood red, and although no counts were 
made, the infection in the peripheral 
blood was heavy, lids bull weiglied 
about 800 ]>ounds. It w as injected with 
1 g of trypan blue at 4 p.m. by the same 
method as with bull 70, At 10 p.m. there 
wore very few parasites in the smears 
and these appeared to be j)oorly defined 
and did notstainasdonormal piroplasms. 

The smears that were made the next 
morning were negative. Within 24 
hours after treatment haemoglobinuria 
disappeared; the bull made a rapid 
recovery. 

The writer has been favored with 
the cooperation of H. Lauglilin, a veter¬ 
inarian, in treating nine cases of in¬ 
fection with Babesia argeniina that 
occurred in lus local practice from 
March 2 to August 31, 1932, micro¬ 
scopic diagnoses having been made by figure s.-camera ludaa drawings from 
the writer. Deteila coQcernmg two of 

these jcases were as follows: with also l pair of extra- 

A purebred Jersey bull weighing about 
1,500 pounds had haemoglolMnuria and a temperature of 107° F, on 
July 13,1932. Five smears showed Babesia argeniina; in one smear 
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parasites were fairly numerous. At 9 a.ni. the bull was injected in¬ 
travenously with about 2 g of trypan blue; at 9 p.m. it was in extremis. 
At 5:30 a.m. on July 14, it was dead. While tlie body temperature was 
still near normal, smears of the heart, brain, and spleen were made, and 
these showed very heavj^ infections vnth Babesia arge/ritina. The 
organisms were apparently rounded up but stained normally. 

A grade Jersey steer weighing about 600 pounds was observed on 
August 31, 1932, at 11 a.m. and showed the same symptoms and 
parasites as the Jersey bull. It was injected intravenously at 12 m. 
with 3 g of quinine hydrochloride in 500 cc of normal saline, and at 
1 p.m. with 1 g of trypan blue. On September 1, its condition was 
unchanged. On September 2, at 8 a.m., it was dead. Necropsy results 
were the same as in the case of the Jersey bull. 

All seven of the remaining cases of Babesia argentina were treated 
with trypan blue only. One was examined post mortem on August 27, 
about 1 hour after death. This case had received two intravenous 
injections of trypan blue, one 72 hours before death and the other 4(S 
hours before death. Smears of the organs showed numerous parasites 
apparently normal when compared with those in untreated fatal cases. 
Of the other six cases, not examined post mortem, three died within 
24 hours, another witliin 48 hours, and the remaining two within 90 
hours after treatment. 

SUMMARY 

A species of Babesia occurring in the Xhiited States has the following 
characters: (1) Minute size, (2) scanty occurrence in the j)eripheral 
blood although occasional occurrence in the field of the microscope in 
groups, (3) heavy infection in the internal organs, where (piadruple 
infections of erytlmjcytes are common, and (4) the common occurrence 
of an angle of about 180° between the longitudinal axes of the two 
members of the intraglobular couple. On the basis of the above char¬ 
acters this species has been determined as Babesia argentina Ligni^^res, 
1903. The author's investigation has confirmed the above-mentioned 
characteristics. 

Babesia bigemina is larger than M. argentina^ infections are heavy in 
the peripheral blood and scanty in the internal organs, and the angle 
betweerC the longitudinal axes of the members of the intraglobular 
couple is usually less than 60°. 

The present investigations indicate that the piroplasins described 
and illustrated by Smith and Kilbome in 1893 included B, argentina 
as well as B. bigemina, although these workers did not differentiate the 
two species. 

The mean length of a Texas strain of B, bigemina was 4.02 ± 0.04g 
and that of an Argentine strain was 5.00 ± 0.05m; the mean lengths of a 
Louisiana strain a*nd an Argentine strain of B. argentm>a were 3.14 ± 
0.04m and 2.82 ± 0.07m, respectively; that of an Algerian strain of 
B. berbera was 2.89 ± 0.06m; and that of a German strain of B, boms 
was 2.26 ± 0.04m. 

B. bigemina and B, argentina in the peripheral blood were larger 
than in the heart blood, but the difference m each case was smaQer 
than 1 m, and less than that shown between peripheral blood formi^jfjid 
heart forms in the figures of Smith and Kilbome. * ' ^ 

The magnitude oi the mean angle formed by Hie intraglobular 
coijple iii piroplasms was as follows: (1) Argentine strain of jB. bigemina 
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82.8®, (2) Texas strain of /i. bigeminal 57®, (3) Argentine strain of B, 
argeiitina (syn., Babedella minor), 123.2®, (4) Louisiana strain’of 
B, argentina, 109.9®, (5) Algerian strain of B. berbera, 93.3°, and (6) 
Gorman strain of B. bovis, 136.4®. 

The writer's drawings of iJ. bigemma show this piroplasrn in the 
lieart blood with only one mass of chromatin hut in the peripheral 
blood with more tliHii one mass. 

Spindle-shaped forms have been shown in the present paper to 
cliaracterize/?. argentina and not^. bigemina, contrary to the findings 
of Smith and Kilborne {13). 

No significant morphological differences were detected between 
B. argentina and B. berbera, nor between a Louisiana strain and an 
Argentine strain of B. argentina (syn., Babedella minor), but B. bods 
was distinguishable from both of the above-named species by its 
smaller size and its jnarginal position within the erythrocyte. 

B. argentina was cultivated for 96 hours in vitro; B. bigemina could 
not be cultivated. 

In agreement with the results of previous investigators it w^as found 
that B. bUjemina was killed by intravenous injections of trypan blue, 
but B. argentina was not demonstrably affected. 
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THE CALCIFYING PROPERTIES OF GREEN, ARTIFI¬ 
CIALLY DRIED, AND SUN-CURED PASTURE HERBAGE' 


By R. K. HonoaoN, agent, liureauof Dairy Industry, United States Department of 
Agriculture, dairy husbandman. Western Washington Experiment Station, and 
assisiarU in dairy husbandry, Washington AgrfcuUural Experiment Station; 
and J. C. Knott, assistant in dairy husbandry, Washington Agricultural Experi¬ 
ment Station “ 

INTRODUCTION AND REVIEW OF PREVIOUS INVESTIGATIONS 

The potency of the antirachitic vitamin in green forage has been a 
subject of considerai)le controversy. The difference of opinion 
regarding the antirachitic or the calcifying properties of green feeds 
is probably due to the difficulty in demonstrating through biological 
tests the small amounts of such properties contoined in green feeds. 
Little experimental work has been done to determine the calcifying 
properties of pasture herbage, although con.siderable work has been 
done on other classes of green materials used in human consumption. 

(^hick and Roscoe {SY demonstrated a slight but definite anti¬ 
rachitic value in summer-grown s])inach, but failed to observe any 
antirachitic value in spinach grown in the open during winter, spring, 
or fall. Later Roscoe (11) reported a slight effect upon calcification 
in rats produced by the addition of 10 percent of green summer-grown 
spinach leaves to the experimental ration. Shipley, Kinney, and 
Mcf'ollum (IS) found that the ether extract of 2rt() g of alfalfa leaves 
or clover blossoms, when mixed with a kilogram of the basal ration, 
caused healing of rickets in rats. However, they were unable to note 
an antirachitic action of ether extracts of similar amounts of drv 
spinach, brussels sprouts, celery, or cabbage. Bethke, Kennard, 
and Kick {1 } found that leg weakness in chickens was not prevented 
by incorporating 18 ^lercent (dry-matter basis) of fresh green red 
clover in the basal ration. 

Research by Russell {12) showed that artificially dried alfalfa leaves 
jiossessed only a small amount of vitamin D. but that alfalfa dried 
m the sun was higher in its antirachitic action. This finding was 
confirmed by Steimbock and his coworkers {17), who concluded that 
the antirachitic properties of hays are related to their exposure to 
sunlight. Recently Smith and Briggs {W) presented further evidence 
to show that the antirachitic value of alfalfa was dependent upon its 
exposure to sunshine. The alfalfa that was cured in the absence of 
sunlight was deficient in the antirachitic factor. 

In studies with dairy cattle. Hart and his coworkers {tj, 8) con¬ 
cluded that there was apparently enough of the antirachitic factor 
present in a ration made up of 40 imunds of green grass, 30 pounds of 
silage, and 14 pounds of grain when fed to cows producing from 40 to 
60 pounds of milk per day, to maintain calcium equilibrium provided 

» Heoelv<»d for publication Aug. 25, 1U33, issued May 1934. Scienlifir I’ajier No. 270, (’ollege of Agricul¬ 
ture and Experiment Station, state College of Washington 
> The vrrlters are Indebted to Harvey Alurer and Harold (ierritz, who were responsible for the analytical 
work, and to M. S. (Irunder, who superviseti the artificial drying of the herbage, 
s lioferenoe is made by number (italic) to Literature Cited, p. 446. 
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the calcium and phosphorus intake was sufficiently high. Calcium 
equilibrium was established when CaO was fed at a rate of approxi¬ 
mately 1.5 percent of the daily ration. This was the case whether 
the animals were maintained out of doors or in stables without 
direct sunlight. Hart and others (7) failed to produce favorable 
calcium assimilation in b/?>avy-prodiicing cows that were given irra¬ 
diated yeast, potent in vitamin D. They therefore concluded, as 
reported by Clark (5), that the ability of fresh green grass to cause 
calcium assimilation in milking cows was probably due to some factor 
other than its vitamin D content. Newlander and Jones {!()) 
reported that cows receiving a ration of timothy hay, corn silage, 
and grain utilized calcium and phosphorus as well as when grass, 
either green or artificially dried, was added to the ration. 

Results reported by Luce (9) show that cows receiving a diet of 
fresh green-pasture grass produced milk of higher antirachitic or 
growth-promoting properties, even when they were maintained indoors 
in the absence of direct sunlight, than cows not receiving green grass 
in the ration. Likewise, Chick and Roscoe (J) found some evidence 
that the inclusion of fresh green feed in the ration caused an incn^asc^ 
in the vitamin 1) content of mill\. 

It was the purpose of this investigation to measure the comparative 
calcifying properties of pasture herbage when fed in a green, artificially 
dried, and sun-cured condition. 

EXPERIMENTAL PROCEDURE 

The preventive method of procedure used in determining the anti¬ 
rachitic or calcifying properties of the pasture herbage was essentially 
that outlined by Sherman and Stiebeling {13, H), in which the basal 
ration is adequate in other respects but dev^oid of vitainin 1). young 
rats 21 to 24 days of age receiving the Sherman and Stiebeling (IS) 
vitamin-D-deficient test diet and weighing from 45 to 65 g were used 
in this investigation. They were placed on experiment when apfiroxi- 
mately 28 days of age. The animals used were from the (California 
Institute of Experimental Biology, pied strain, reared fi’om mothers 
whose diet consisted of ground wiioleVheat, 67.5 percent; casein, 15 
percent.; whole-milk powder, 10 percent; milk fat, 5 percent; sodium 
chloride, 1 percent; and calcium carbonate, 1 percent. Fresh lettuce 
was fed twice each week. 

During the experiment the rats wwe kept in individual, all-metal 
cages with raised screen floors and maintained in a darkened room 
devoid of all natural light. The basal diet (‘onsisted of cornstarch, 
66 percent; extracted casein, 18 percent; dried brewers^ yeast, 10 
percent; Osborn and Mendel salt mixture, 4 percent; c.p. sodium 
chloride, 1 percent; and dried spinach, 1 percent. In those instances 
in which rats were receiving pasture her])age as a part of their ration 
the spinach, which supplied vitamin A, was eliminated and the 
percentage of cornstarch correspondingl^y increased. The rats were 
allowed tree access to their feed at all times, and clean fresh water 
was always before them. Individual live weights were recorded 
each week and feed consumption was checked daily. 

In comparing the calcifying properties of pasture herbage fed in 
the different ways, two experiments were conducted. The fii^it test 
was a comparison of the calcifying properties of green with artificially 
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dried pasture herbage; the second compared artificially dried with 
sun-cured herbage. In each test negative and positive control 
groups were maintained. The negative control groups received the 
basal ration only, whereas the positive control groups received, in 
addition to the basal ration, 4 drops of 250 D viosterol per week. 
The viosterol was fed directly into the nioyths of the rats. 

The material being tested was fed at 3-percent, O-percent, and 
9-percent levels. The percentage of herbage in the ex})eriniental 
rations was calculated on a dry-matter basis. 

Insofar as ])()SRible the animals were assigned to control and test 
groups so that litter mates and initial live weight would be equally 
distributed among the various lots. In the first experiment an equal 
distribution of sex was maintained in each group. In the later 
experiment, only male rats were used. It was found necessary for 
reasons not attributed to this investigation to discontinue the first 
experiment at the end of the seventh week. Therefore, the mean ash 
analyses of tin* first experiment are not on a strictly comparable age 
basis wuth those of the second experiment, which terminated at the end 
of the eighth w eek. This should not, howu'ver, interfere with the inter- 
pretation of the results, for a comf)arison of improvement in the test 
animals over their respective negative controls, relative to the im¬ 
provement of the positive over the negative controls, is used as the 
basis of interpretation. 

In outlining the procedure of this method of quantitative deter¬ 
mination of vitamin 1), Sherman and Stiebeling PP^ make 

the following statement: 

It will be noted tlmt our basal diet is iadicall\ different from the riekets- 
produeiitg diets eorninonly used for vitamin D studies which involve the use of 
the line test. None of our rats receiving c)nl> the basal diet here used developed 
rickets as judged by the line test, although occasionally a few beaded ribs were 
obs(‘rvt*d in rats SO days or more in age. Wc are not dealing with rickets as 
ordinarily understood. 

We consider to have e<|uivalent vitamin-I) content those amounts of materials 
under investigation which induce a degree of calcification mirlway between the 
minimum values fixed by the diet without added vitamin O and the maximum 
values obtained with an abundance of supplementary vitamin D. It should be 
emphasized that this method is feasible onl\ when the groups of animals used 
for testing vitamin D can be compared with two control groups each containing 
representatives from the same litters and matched in sex and weight, one receiving 
no addcfl vitamin J), the other receiving a fixed Hlxual supplv. 

At tlio torniinatioii of tlio exporiinpntal periods tlio rats wore 
elilorofornied and the femur hones dissected out, earefnlly cleaned 
of ail adhering tissue, weighed, dried, extracted with alcohol, re- 
weiglicd, and ashed. The percentage of ash in the fresli femur hone 
was used as a criterion of the degree of calcification. 

The pasture herbage used in this study was a mixture of English 
ryegrass (Lolhim pererine), Italian ryegrass {L. itallcvtn), and a small 
percentage of white clover {TrifoUum repem). The pasture was 
irrigated with a sprinkler at weekly intervals t-o insure uniform rate 
of growth throughout the season. The samples of herbage used, with 
the exception of that fed green, were collected once each week, at 
1 p.m., and rejiresented herbage that was 3 weeks old. 

The 3-week8-old {jrass that was fed in a green condition was cut 
daily ^t 1 p.m., mixed, and ground into a fine mash. This was 
thoroughly mixed with the basal ration at the desired percentage for 
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each rat. The resultant mixture was a dry, sticky mash that proved 
to be quite palatable* to the animals. 

The samples that were to be artificially dried were taken to the 
drier immediately after being cut. Drying was accomplished by 
means of a direct heat rotary drier. The material passed through the 
machine in about 10 minutes and was dried at an outlet temperature 
of 165° to 175° C. 

The herbage to be sun-cured was exposed on a canvas to the direct 
rays of the sun and was withheld from any leaching that might have 
resulted from rain or dew. The exposure to direct sun’s rays of 
varying intensity during the drying process averaged about 15 hours. 
The exposure of each portion of the sun-dried grass tot)k place over 
a 2-day period. 

In all cases the herbage was thoroughly mixed, finely ground, and 
remixed prior to its incorporation into the experimental rations. The 
ration containing as much as 9 percent of grass (dry-matter basis) 
was readily eaten by the experimental animals. 

RESULTS 

Table 1 gives a summaiy of the first experiment and shows the 
effect upon growth and calcification in rats of adding graded ()ortiqn.s 
of green and artificially dried pasture herbage to the basal diet. 
Table 1 also summarizes the records of the second tost and shows the 
effect upon growth and calcification of adding graded portions of 
dehydrated and sun-cured herbage to the basal diet. 

In interpreting the antirachitic potency of materials studied by the 
preventive method of procedure, investigators have measured results 
m the following w'ays: (1) Percentage of ash in the green femur bone, 
(2) percentage of ash in the dried extracted femur bone, and (3) the 
ratio of the ash to the oiganic residue of the femur bone. 

In this investigation the average of 150 observations of rat bones in 
which the percentjige of ash in the green femur bone was correlated 
with the percentage of ash in the same bone after it had been dried and 
extracted revealed a coefficient of 0.880±0.039. The correlation 
between the percentage of ash in thd green femur bone and the ash- 
oiganifrresidue ratio was 0.743 ± 0.025. These high degrees of corre¬ 
lation illustrate the possibility of using any one of the three methods 
as a criterion of the degree of calcification in the bones of rats. The 
method of basing the results upon the percentage of ash in the green’ 
femur bone has tlic advantage of being less time consuming ana less 
exwnsive. 

The data on mean percentage of bone ash and gain in live w'eight 
show smaller differences between the negative and positive cuntrol 
groups in the first experiment than in the second. However, in each 
experiment the rangfe of difference between the negative and positive 
control group was statistically significant. 

In this connection, Sherman and Stiebeling (IS, pp. 500-S01) state: 

Although we have encountered wide seasonal and litter variations in the level 
of calcification found in both negative and positive controls, we find that this 
does not interfere with our interpretation of results when we use as a basis df 
comparison the improvement in test animals over their respective negative 
controls, relative to the improvement of the positive over the n6gative*oontrols. 



Table 1. —Sffeid upon growth and calcification of adding graded portions of greeny artificially driedf sun-cured pasture herbage to the basal 

diet of ratst for experimental periods of 49 and 56 days 

FIRST EXPERIMENT (GREEN’ AND ARTIFICIALLY DRIED GRASS COMPARED), 49 DAYS 
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Had it been possible to continue the first experiment through the 
eighth week, the differences noted probably would have been less 
pronounced. The fact that this experiment was conducted during 
midsummer may also have been a contributing factor, although the 
test animals were cared for in a room devoid of sunlight or other 
natural light. . . ‘ 

w4nimals receiving additions of green, or artificially dried, or sun- 
cured pasture grass in the basal diet all showed significantly higher 
calcification than did the negative controls. The mean percentage 
of bone ash for each group, except those receiving 9 percent of green 
grass as a supplement, fell within the range of differences existing 
between the negative and positive controls. 

When either green or artificially dried pasture herbage was fed as 
3 percent of tlie dry matter of the ration, there was an improvement 
in the percentage of bone ash, which amounted to 3.18 percent and 
3.20 percent, respectively. In the second test, when either the 
artificially dried or the sun-cured herbage was fed at the 3-percent 
level, the increases over the negative controls were 8.52 percent and 
7.80 percent, respectively. Further additions of 6 and 9 percent of 
the various supplements to the diet did not materially increase the 
degree of calcification. Apparently there was sufficient of the calci¬ 
fying factor in the green grass, artificially dried grass, or sun-cured 
grass when fed as 3 percent of the ration to cause good calcification 
in the experimental animals. Wliethcr this marked improvement 
in calcium deposition was due entirely to vitamin D, or, as 
Hart and his coworkers (reported by Clark {5)) have suggested, 
was partly due to other factors contained in green plant tissue, 
remains unsolved. In any event it is apparent that the potency was 
relatively the same in tjie green, the artificially dried, and the sun- 
cured herbage used in this investigation. At each of the three levels 
of feeding, the artificially dried herbage wjis relatively as efficient in 
furnishing the calcifving factor as was the green material. Exposure 
of the herbage to high temperature, therefore, had no deleterious 
effect upon the factor causing calcification in rats. 

Samples of pasture herbage that wem exposed to 15 hours of direct 
sunlight were not appreciably more efficient in promoting calcification 
than was similar herbage that had been artificially dried. Russell (12) 
found alfalfa to be hi^ier in its antirachitic potency when sun-cured 
than when machine-dried or air-dried in the absence of sunlight. 
Smith and Briggs (16) reported that alfalfa that had been exposed 
to Arizona sunlight for 15 hours and 5 minutes possessed only mild 
calcifying properties. In their assays these workers used the line test 
with a high-calcium, low-phosphorus diet. 

According to Betlike, Kick, and Wilder (2) the ratio of calcium to 
phosphorus in the ration produces a marked effect upon the growth 
and calcification in rats. They state that the most favorable calcium- 
phosphorus ratio for growth and bone development was between 
2.00 and 1.00 of calcium to 1.00 of phosphorus, and that the 
vitamin D reauiiements were h^her when the ratio was widened 
beyond these limits. Table 2 gives the percentage of calcium and* 
phosiiliorus and the Icium-phosphorus ratio for each of the rations 
used in the second experiment of this investigation. It will bemoted 
that these rations contained considerably more phosphorus, and 
therefore pmbably had a more favorable ratio, than the aiets used by 
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Russell {12) or by Smith and Briggs {16). The calcium-phosphorus 
ratios of the experimental rations used in this investigation differed 
so little that differences in the decree of calcification could not be 
attributed to differences in this ratio. 

Table 2.— The calcium and phosphorus content apd the ratios of calcium to phos¬ 
phorus in the rations of the second experiment 


Hat ion 


Basal diet ..- . 

Basal iiiixture with the addition of— 

3 jierwnt of artificially dried (trass- 
(»fiercent of artificially dried (trass- 
9 iiercent of artificially dried (trass. 

3 fieroent of sun-dried grass. 

fi percent of sun-dried grass. 

9 percent of sun-dried grass.. 




Calcium 

1 Phosphorus 

(’a/p 


1 

1 

1 Percent 

1 O.ffM 

' Percent 

1 0.705 

0.97 



' .608 

i .7(K5 

I ,95 


i 

. 663 

1 .680 i 

1 98 


.j 


1 .659 , 

, }.(H) 



.(>34 

. 692 1 

1 .92 



I .f)00 

1 .673 i 

i .99 

. 


1 (iOO 

i 665 1 

1 99 


Evidence is herein presented which confirms the l)elief that when 
the calcium and phosphorus intake of the animal is apjjroximately 
normal, green plant tissue is a contributing factor in causing calcium 
assimilation in the animal’s l)ody. It also appears that this property 
of gi’ccn plant tissue is not destroyed by artificial dehydration as 
employed in this investigation. 

CONCLUSIONS 

In this paper data are pre.scnted to show the comparative calcifying 
powers of similar samples of green, artificially dried, and sun-cured 
pasture herbage. These materials were incorporated in the rations 
at the rate of .3, (i, and 9 percent of the total dry matter. 

Pasture herbage when fed in a green, artificially dried, or sun-cured 
condition, constituting 3 percent of the dr>’ matter in the ration, 
caused a significantly greater degree of calcification in rats than did 
the basal diet. 

Increasuig the amount of the different types of herbage fed failed to 
produce corresponding increases in the degree of calcium deposition. 

The process of dehydration by subjecting the material.to high 
temperatures for a short period, did not destroy the potency of the 
calcifying property of the herbage. Either the green or the artificially 
dried grass was as efficient in producing calcification as was similar 
herbage cured by exposure to 15 hours of sunlight. 

A correlation coefficient of 0.880 ± 0.039 was found to e.xist between 
the percentage of asli in the green femur bone and that of the dry ex¬ 
tracted bone. The correlation coefficient between the percentage of 
ash in the fresh femur bone and the ratio of the ash to the organic 
residue in the femur bone was 0.743 ± 0.025. 

The result of this investigation furnished further evidence of the 
high nutritive value of pasture herbage. 
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INJURY FROM CALCIUM ARSENATE-HYDRATED LIME 
SPRAY ON SNAP BEANS RETARDED IN GROWTH ‘BY 
UNFAVORABLE SOIL CONDITIONS > 

By Loyd W. Bkanxon - 

Assiiftant eniomologutf Divinion of Truck Crop chid (iardrn Bureau of 

Entomology, United States Department of Agriculi are ^ 

INTRODUCTION 

Observations made on commercial acreages of beans following 
treatments with arsenicals occasionally indicated arsenical injury in 
scattered sections of a field without apparent injury to the field as a 
whole. It appeared that a retardation in the grow'th of the plants 
associated with an unfavorable soil reaction might account for the 
apparent variation in susceptibility to injury'. It was with this in 
mind that the investigation reported herein was conducted. 

REVIEW OF LITERATURE 

Although there is frequent mention in the literature of injury to 
foliage by calcium ansenate, no records have been found of previous 
investigations on the relation of the hydrogen-ion concentration of 
the soil and iilant growth to the susceptibility of ])lants to injury 
from this mateiial. Zimmerley * found that the range of hydrogen- 
ion concentration for the optimum growth of snap beans was from 
pH r».3 to pH (i.O; and that the beans w'erc chlorotic, made poor 
growth, and gave the lowest yields w^hen the naturally acid soils of 
the Norfolk area were brought to neutral or Avere made slightly alka¬ 
line by the application of hydrated lime. 

PROCEDURE 

The experiment was conducted on the Bountiful variety of snap 
beans {Phaseolus vulgaris L.) growing in the acidity test plots of the 
Virginia Truck Experiment Station, a diagram of which is shown in 
figure 1. Treatments were applied to plots having the following 
approximate pH values: 7.6, 7.0, 6.5, 6.0, 5.7, 5.2, and 4.8.^ These 
plots had been maintained at approximately the foregoing pH values 
since 1926. The plots at pH 6.5, 6.0, 5.7, 5.2, and 4.8 contained 2 
check and 2 treated rows and were duplicated in the field. Those at 
pH 7.6 and 7.0 contained 1 check and 1 treated row and were repli¬ 
cated four times. Thus there were 4 treated and 4 check rows for 
each pH value. Grass ridges separated the jiH sections, and alleys 
separated the plots of each section (fig. 1). 

! Keceived for publication Nov. 17,1933; issued May 1934. 

2 The writer wishes to express his appreciation to memlwrs of the staff of the Virpiuia Truck Experiment 
Station, and to Neale F. Uoward, of the Bureau of Entomology, for suggestions and criticisms in the prepa* 
ration of the manuscript. During the summer of 1931 the writer w as assisted in the experimental w^ork by 
K. Weedon, field assistant. 

) In cooperation with the Virginia Truck Experiment Station. 

* ZlMMSRLKY. H. H. THE EFFECTS OF HEAVY APPLICATIONS OF PHOSPHORUS ON THE INTERRELATION OF 
SOIL REACTION, GROWTH, AND PARTIAL CHEMICAL COMPOSITION OF LETTUCE, BEETS, CARROTS, AND SNAP 
•BEANS. Va. Truck Expt. Sta. Bull. 73: 1861H28, Ulus. 1930. 

i The quinbydrone electrode was used in making the pH determinations. These determinations were 
made by workers of the horticultural department of the Virginia Truck Experiment Station. 
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A spray consdsting of 1 pound of calcium arsenate and 2 pounds of 
hydrated lime in 50 gallons of water was selected for the treatments 
because in previous experimental work this spray had frequently 
caused arsenical injury to beans in this locality. Treatments were 
applied on September 1, 8, 15, and 21. Each treatment was applied 
between 1 p.m. and 5 p.m. At the time of the first treatment the 
beans had just begun to send out their first trifoliate leaves. The 
fourth treatment was applied when the plants were blooming and a 
few pods had formed. 

A 2j2-gallon compressed-air sprayer was used in applying all 
treatments, and the sprayer was pumped with the same number of 
strokes on each plot in order to maintain a uniform pressure. The 
insecticide was applied at the rate of 100 gallons per acre, and the 


PLOT 

PLOT 

PLOT 

PLOT 

i PLOT 

PLOT 

PLOT 

PLOT 

PLOT 

52 

51 

50 

49 

‘6 

47 

46 

45 

44 

TREATED 

CHECK 

TREATED 

CHECK 

TREATED! CHECK 

(TREATED 

CHECK 

TREATED 

2 ROWS 

2 ROWS 

1 ROW 

1 ROW 

1 ROW 

1 ROW 

1 2 ROWS 

2 ROWS 

2 ROWS 

pH 

t! . 

pH 

7.6 

1 pH i 7.0 

j ^ 

pH 6.0 

' pH 

1- - - --i 

PLOT 

PLOT 

PLOT 

PLOT 

1 PLOT 

r“ 

PLOT 

' PLOT 

PLOT 

plot 

3B 


36 

35 

! 

33 

32 

31 

30 

TREATED 

CHECK 

TREATED 

CHECK 

i TREATED 

CHECK 

TREATED! CHECK 

TREATED 

I ROW 

1 ROW 

1 ROW 

1 ROW 

1 2 ROWS 

2 ROWS 

2 ROWS 

2 ROWS 

2 ROWS 

pH 7.0 

pM,7.6 l| pH'5.2 

pH! 4.6 

pH 

PLOT 

PLOT 

PLOT 

PLOT 

, PLOT 

PLOT 

1 PLOT 

PLOT 

PLOT 

24 

23 

22 


! 

19 



1 '6 

TREATED 

CHECK 

TREATED 

CHECK 

•TREATED 1 CHECK 

TREATED 

CHECK 

Itreated 

2 ROWS 

2 ROWS 

1 ROW 

1 ROW 

IROW 

1 ROW 

2 rows! 2 ROWS 

2 rows 

pn'si 

pH 17.6 » 

pH'70 

pH 6.0 

pH I 

PLOT 

PLOT 

PLOT 

PLOT 

PLOT 

PLOT 

PLOT 

PLOT 

i 

PLOT ' 

10 

9 

B 

7 

6 

5 

4 

3 

2 

TREATED 

CHECK 

TREATED 

CHECK 

TREATED 

CHECK 

TREATED 

CHECK 

treated 

1 ROW 

1 ROW 

1 ROW 

\ ROW 

2 ROWS 

2 ROWS 

2 ROWS 

2 ROWS 

2 ROWS 

pH! 7.0 

.J 

pH j 7.6 

pM 


pH 

L ._J 

4.6 

pH 


PLOT 

43 


PLOT 

29 


2 ROWS 
5.7 


PLOT 

15 


PLOT 

I 


CHECK 
2 ROWS 


5.7 


l^KUTKE 1 —Diagram of the experimental ploh« and arrangenient of the pH seetiotus 

beans were treated from each side of the row to insure thorough 
coverage of all parts of the plants. 

Only a few adults of the Mexican bean beetle appeared in the plots. 
Injury by this insect was not a factor in the results. 


EXPERIMENTAL RESULTS 

The results of the experiment are presented in table 1. This 
table shows the yields of two pickings of beans on the check and 
treated plots of each pH value. Since the plants in each plot were 
counted, the percentage increase or decrease, chock-plot basis, was 
calculated from the mean yields in grams per plant. On this basis 
the treatment resulted in serious reductions in yield on the plots 
with pH values of 7.6 and 7.0, slight reductions on plots at 6.0 and 
5.2, and slight increases on plots at 6.5, 5.7, and 4.8. 
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Table 1. —Comparative yields of snap beans, treated with an arsenical spray and 
untreated, grown on plots having different hydrogen-ion concentrations 


pH of *«oil 






Average 


A\<*rniiP . 


Plot no. 

Plants i)er plot 

Average yieltl 
jier plant 

Increase (+) or 
decrease (-) in 
average yield of 
treated plants 

Estimate of in¬ 
jury of— 

('heck 

Treated 

Check 

Treated 

Check Treated 

Che.ck« 

Treated 



Nu mber 

Number 

Grams 

Grams 

Grams 

Percent 

Percent 

Percent 

7 

. 

145 


16 6 




20 

. 

1 

8 


130 


6 1 

- io. r, 

__ 


»>60 

2i 

■ 22“ 

- 

140 

156 

13 0 

3 6 

-9,4*“ 

- “ - 

20 

t'7() 

35 

139 


12 0 

. . - 


25 


49 

j 30 

i io 2 * 

124 1 

16 9 

1 8 

-10.2 


u 

1 15 

1 »»80 


50; . . 

129 

! 

4 8 

;-i21 

- - 



_- 

- - - - 



j 14 6 

4 1 

l-io 5 





9 U. 

19 j., 
37‘i 
47 
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,J l«9 ; 

10 I. 
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I "■ 

48 J . 

"l 
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124 . 
163 ' 
Hfi 1 
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16 1 
’*h'5 ’ 

17* r 

11*9 
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11 0 
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27 2 : f1 6 
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319 : . 1 
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+ 1 1 
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; 31 8 ■ 
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:m !.. ! 
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~4 1 
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-. 

45 ' 


:«6 1 
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1 


46 

_i 
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2(> 9 

-3 6 

- --'1. 
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J - - 

■i •«»; 

27 3 
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. 1 28 0 ' 
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30 
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i . . 
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t 3 1 . 

_ 

1 



336 ! 

! 33.5 !. 
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296 1 . . 
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! • ■ ■ 1 • ■ ’ 

^ 10 
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_ 1 30 9 : 

29 5 
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_ 

1’ 
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418 i . 
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4 1 

i 
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|>6 0 
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1 1 

* iH.2 j 

W 5 

; -4 2 3 

! -fl3 ' _ 


_ 

-J 



* ( 

__ 

J- 




» Efitiiimte of chlorasis on plants. 

^ Estimate of arsenical injury and chlorosis 
0 Estimate of arsenical injury alone. 


Since the check and treated plots were paired, a biometrical analysis 
of the data was made by Stiident’s method of comparing two results 
on a probable-error basis.® Odds greater than 30 to 1 that the reduc¬ 
tions were not due to chance alone were obtained on the pH 7.6, 7.0, 
and 6.0 plots. In the case of the first two plots, on which the reduc¬ 
tions in yield w'cre 72 and 31 percent, respectively, the odds w'ere very 
greal, approximately .5,000 to 1 and 1,300 to 1, respectively. In the 
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case of the pH 6.0 plot, on which the reduction was 12 percent, the 
oddp of a si^ihcant reduction in the yield of the treated plots under 
the check were only 46 to 1. 

The comparative yields in grains per plant on the check and treated 
plots are shown in figure 2. The maximum check-plot yield was 
obtained on the pH 6.0 plots, and the optimum range w^as between 
pH 6.5 and 5.2. 

At the conclusion of the expeiiment arsenical injury was slight on 
the pH 6.5, 6.0, 5.7, 5.2, and 4.8 plots, but was estimated at 60 to 80 
percent on the pH 7.6 plots and from 50 to 70 percent on the pH 7.0 
plots; thus injury was considerably more severe on the plants grown 



7.6 7.0 6.5 60 5.7 S.i 4.8 

pH VALUES 


FiCirKE 2.—Comparative yields of check and treated plots having different pll values. The unshaded 
columns represent check plots; the shaded, treated plots. 


in soil at pH 7.6 and pH 7.0 than on plants grown in soil at any of the 
other reactions (table 1). The treated plots with pH values of 7.6 
and 7.0 showed severe leaf bum, leaf shedding, and stunting. 

The arsenical injury to beans on the pH 6.5 to 5.2 plots, which pro¬ 
duced the heaviest yields (fig. 2), was not nearly so severe as has 
frequently been observed on beans groMm under the best conditions 
in this locality. This is probably aue to the fact that the relative, 
humidity was comparatively low during the period of the treatments. 
Previous experience has shown that high humidity increases .plant 
injuw frmn calcium arsenate. 
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Serious rediictions in yield occurred only on the plants jirown at 
pH 7.6 and pll 7.0. On these plots the plants were very chlorotic; on 
both check and treated plots, and the check yields were considerably 
lower than at any other pH valuti. 

The check yield (fig. 2) from plots with a reaction of pH 6.0 was 
more than twice as great as the check vields.from plots with a reaction 
of pH 7.6 and 7.0. 

The results indicate that snap beans grown under the conditions of 
this experiment in soils of pH 7.6 and 7.0 are considerably more sus¬ 
ceptible to injury from calcium arsenate-hydrated lime spray than 
are plants grown in soils of pll 6.5 to pH 4.8. 

SUMMARY 

Four treatments of calcium arsenate-hydrated lime spray (1:2:50) 
wen‘ a])plicd to snap beans grown on soils having approximately 
the following pH values: 7.6, 7.0, 6.5, 6.0, 5.7, 5.2, and 4.8. 

Yields were recorded, and the effect of s])raying on yield, check-plot 
basis, was calculated from the mean yields in graiiLs per plant. On 
this basis treatment was found to result in serious reductions in per 
plant yields on the plots with pH values of 7.6 and 7.0, slight reduc¬ 
tions on the ])lots at pH 6.0 and 5.2, and slight increases on the plots 
at pH 6.5, 5.7, and 4.8. 

A biometrical analysis of the. data was made by Student’s method. 
Odds greater than 80 to 1 that the reductions were not due to chance 
alone were obtained on the pH 7.6, 7.0, and 6.0 plots. In the case 
of the first two jjlots, (tn which reductions in yield were 72 and 31 
perc'cnt, re.spectively, the odds were very great, approximately 5,000 
to 1 and 1,300 to 1, resi)ectively. In the case of the pH 6.0 plots, on 
which the reduction was 12 percent, the odds of a significant reduction 
in the yield of the treated ])lots under the check were only 46 to 1. 
A 1^01111^0 injmy was considerably more severe on the ])lants grown in 
soil at pH 7.6 and pH 7.0 than on ])]ants grown in soil at any of the 
other reactions. St'vere chlorosis was apparent on check and treated 
plots, and chc'ck yields were considerably lower than at any other pH 
value. 

The maximum check-plot yield was obtained on the pH 6.0 plots; 
the optimum range was between pH 6.5 and pH 5.2. 

The results of the experiment indicate that snaj) beans retarded in 
gi’owth by unfavorable soil conditions are decidedly more susceptible 
to arsenical injury from calcium arsenate-hydrated lime si)ray than 
are plants grown under optimum conditions. 




THE EFFECT OF HYPERTONIC SUGAR SOLUTIONS ON 
THE THERMAL RESISTANCE OF BACTERIA ^ 


By A. C. Fay 

Dairy bacteriologisty Kansas Agricultural Experiment Station 
INTRODUCTION 

In connection with the various studies on the bacteriology of ice 
cream which have been in progress at the Kansas Agricultural Experi¬ 
ment Station for several years, it has been observed occasionally that 
micro-organisms exhibit an increased thermal resistance when heated 
in ice-cream mix. Preliminary experiments showed quite definitely 
that certaiiv strains of bacteria were capable of withstanding more 
severe heat treatment when suspended in solutions of high osmotic 
pressure. 

The temperature and time of exposure most commonly employed in 
the pasteurization of ice-c*rcam inLx have been adopted from the 
market-milk industry without question as to the iinivei-sality of their 
application. If thermal resistance is affected by the chemical and 
physi(‘al forces of the environment it is entirely logical to expect a 
variation hi the survival of cells heated in different menstrua. The 
small margin of safety in the present requirements for pasteurization 
emphasizes the importance of evaluating any increase in thermal 
resistance of the microtlora wdiich may be contributed by the ingre¬ 
dients of ice cream. 

REVIEW OF LITERATURE 

Until comparatively recently the protective action of the ingredients 
of ice-cream mix for micro-organisms has not been recognized. 
Beavens {4) - found that 4- to 2()-percent lactose increased the thermal 
resi.stanc(‘ of Escherichia coli. The probalulity that the ingredients of 
i(*e cream might afford micro-organisms some protection against heat 
was recomized by the Committee on Dairy Products and Eggs (15), 
The results of Oklenbusch, Frobisher, and Slmader (8) gave only slight 
oviden(*e of increased survival of various pathogenes when heated in 
ice-cream mix or in cream containing 50 percent fat. Fabian and 
Coulter (6") observed higher thermal death points for cultures of 
E. eoli and Aerobacter aerotjeiies when heated in ice-cream mix than 
when heated in skim milk. Except for sucrose, these authors were 
unable to sliow any marked protective effect wdien the ingredients of 
ice cream were studied separately. 

Anzulovic (1) reported that sugar, gelatin, serum solids, and fat 
showed some protective action for bacteria. Weiss {17) found that 
Bacillus botvlimis was more resistant to heat in foods containing 
heavy sirups. Rahn (9) stated that— 
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* * * sugar not only retards growth of 3'eaBts and other micro-organisms, but 
al89 retards the action of heat upon micro-organisms; it will take more heat to kill 
a bacterium or yeast, in a sweetened fruit juice than in the same juice without 
sugar. 

Robertson {11,12, IS, H) boated Streptococcus thermophilus, Sarcimi 
lutea, Escherichia colt, &nd Alicroeocctts aureus in increasing percentages 
of sugar and found that as the concentration of sugar was increased tlie 
number of surviving bacteria also increased. 

Neclikovitch (7) showed that glucose tended to prevent tlie coagula¬ 
tion of cell colloids and aided in maintaining a normal condition of 
stability of the cells of organized tissue. Wallace and Tanner {16) 
suspended several species of molds in 10-, 25-, and r)0-percent sugar, 
distilled water, sirups from fruit juices, and in salt water. Protective 
action was afforded by sugar for some molds and by salt water for 
others, 

Rahn {10,p.330) reported increased thermal resistance of yeasts and 
bacteria when heated in broth containing 50 percent of sucrose. This 
author suggested that although death may be due in part to dehydra¬ 
tion, the cause of death is not the same as with dry bacteria. Cook^^ 
explained his observations of increased resistance of yeasts in hyper 
tonic glucose and sucrose solutions on the basis of dehydration of the 
cells. He stated, liowever, that tlnere was probably some factor other 
than osmotic pressure involved, since the killing times were not 
proportional to the osmotic pressure of the solutions employed. 

Beilinsson (5) observed that the addition of sufficient sucrose or 
glycerol to serum albumin or to egg white rendered these irroteins 
stable to temperatures far above the usual coagulation iroints. Ban¬ 
croft and Rutzler (rf) and Bancroft and Richter {2) confirmed these 
observations and suggested an explanation based upon the pejrtizing 
action of sugar on albumin. According to these authors, if the colloidal 
suspension is reversibly coagulated, the cell may have lost temporarily 
any or all of its vital manifestations, but will recover from dormancy 
when placed in a favorable environment. As agglomeration of the 
cell contents increases, the cell loses more and more of its functions, 
the coagulation becomes progressively less reversible and finally 
completelv irreversible, ^ 

. METHODS 

In all the plating procedures standard beef-extract agar was en> 
ployed as the basic medium. In those instances in which comparisons 
were made between the counts on plain and carbohydrate media, a 
large batch of the plain agar was divided into eijiial parts and 1 percent 
of the desired carbohydrate added to each portion. The reaction of all 
media was adjusted to pH 7.0 before filtration. 

The distilled water used in making dilution blanks occasionally was 
tested after sterilization for its reaction and found to be pH 6.0 ± 0.2. 

All plates were incubated 48 hours at 37C. In several of the experi¬ 
ments where delayed germination was suspected, counts were made 
again after an additional 3 days’ incubation at room temperature. 

In several experiments reference is made to the use of a lOO^percent 
sugar solution. This refers to a weight-volume ratio, and the solutioA 
was prepared in the following manner: Approximately 250 cc of water 
was added to 1 kg of the desired sugar, and this was boiled for a few 

* S' ST£»nJZATION or SOLUTION.^ Or CLUCOSE AND SUCROSE. (ThesiB. Ph. l>., 

OWE College,) 1031. 
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minutes until a clear solution was obtained. The resulting sirup 
(approximately 900 cc) was diluted to 1,000 cc total volume. Such a 
solution therefore contained 1,000 g of sugar in a total volume of 
1,000 cc, and each cubic centimeter represented 1 g of sugar. All the 
other sugar solutions employed, the concentrations of wliich are ex¬ 
pressed in percentu|?es, were prepared by suitable dilution of this 100- 
percent sugar solution. The sugar solutions, the concentrations of 
which are expressed in molality, were jirepared by dissolving the 
indicated number of gram-molecular weights in 1,000 cc of water. 

In order to reduce the factor of heat penetration to a practical 
minimum, small samples were used in all heating trials. In some 
<‘ases, l.r) to 2.0 cc samples were placed in small hermetically sealed 
tubes and completely submerged in a water or an od bath for the 
desired heating jreriod. In other cases, thin-walled, small-bore (4 mm) 
test tubes wete submerged in the oil bath to within 1 inch of the top 
of the tube. For many of the experiments special tubes were prepared 
by blowing a bulb about 1.5 inches in diameter on the end of a soft 
glass lest tube. The small sample in the relatively large bulb of very 
thin glass acquired the temperature of the water bath very (juickly. 
Obviously, heat jienctration would be delayed in samples containing 
high percentages of sugar. However, the iiiqiortance of this factor 
was shown to be reduced to a negligible minimum when small samples 
(2 cc or less) were enqiloyed. (Jraphs illustrating the rates of heat 
jicnetration under the conditions of these experiments .show practically 
sujierimposed lines. 

.\lthough the results of the preliminary experiments did not indicate 
that it was necessary, all tubes containing more than a 0.1 cc sample 
were agitated by uniform shaking during the heating period. 

RESULTS 

HYPERTONIC SOLUTIONS IN ICE CREAM MIX 

A sample of ice cream mix which contained no sucrose was inimbatcd 
at room temperature until the bacterial count reach«‘d several million 
per cubic centimeter. This was divided into four parts and equal 
volumes of sterile sucrose solutions w'ere added to give 15-, 25-, and 
50-percent concentrations of sugar. A similar volume of water was 
added to one ])ortion, which was designated as O-percent sucrose. 
Plates were made before and after heating small portions of the four 
samples simultaneously to 54.5° C. for 9 minutes. In order to facili¬ 
tate comparison, the number of viable organisms after heating has 
been calculated on the basis of survival per million. 

The data in table 1 were compiled from the results of four such 
trials, and illustrate the general trend of many similar experiments. 
It will be observed in experiment 1 that the ice cream mix had a plain 
agar plate coimt of 14,000,000 imr cubic centimeter before heating. 
After heating, the suivival per million was 450 in the sample contain¬ 
ing no sucrose, and 35,000,44,000, and 35,000 in the samples contain¬ 
ing 15-, 25-, and 50-percent concentrations of sucrose, respectively. 
Since all four samples were identical except for the sugar, the results 
suggest that the presence of sugar in ice cream renders the cells more 
resistuit to heat. 
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Table 1. —The effect of plain and carbohydrate agars on the survival of micro- 
organisms in ice cream mix containing various amounts of sugar after healing at 
64-5° C. for 9 minutes 


Exiieriraont no 

Afiar ^ 

Count jier 
cubic cen¬ 
timeter 
before 
heating ! 

Survival iier million after heating in ice cream 
mix containing- * 

Oi)ercent 

sucrose 

15 percent ! 
sucrose 

26 iMjrcieni 
sucrose 

60 percent 
sucrose 


Plain..., . 

Millions 

14 

Number 

460 

Number 

35,000 

Number 

44,000 

Number 

36,000 


(Plain... 

170 

310 

1,500 

2,800 

25,000 


1 Dextrose. ... 

180 

1U,0(X) 

14,000 

14, (XX) 

61,000 


I Sucrose. 

130 

2AOOO 

18.000 

22,000 

77.000 


(Lactose_ 

170 

19.000 

18.000 

22,000 

59, (NX) 


/Plain_ 

no 

220 

5.600 

6,900 

44. (NX) 

’. 

iSuerose__ 

no 

5.500 

8 , (XW 

1 8,000 

39, (KX) 

1 

/Plain_ 

66 

260 

7,900 

1 7,900 

18,000 

___ 

1 Sucrose 

60 

1 

17. (XX) 

18,000 

i 17,000 

18. (NX) 

1 


In the other experiments reported in table 1 the same routine was 
followed except that various carbohydrate agars were employed in 
pouring parallel plates from dilution blanks. In experiment 2, for 
example, the survival per million in the sample containing no sucrose 
was 310 w'hen plated on plain agar, and from 19,000 to 24,000 on 
carbohydrate agars. This at once suggests that some of the cells, 
injured but not irreparably destroyed by the heat, were capable of 
recovery when the medium was fortified with a carbohydrate. In 
the samples containing 15- and 25-pcrcent sucrose the plain agar 
counts per million were 1,500 and 2,800, respectively, which indicates 
that the presence of sugar in the sample diminished the degree of 
injury to the cells and enabled more of them to recover oven in plain 
agar. Transfers from the same dilution blank to carbohydrate media 
gave survival per million values ranging from 14,000 to 22,000, again 
emphasizing the importance of the medium in the recover}' of injured 
cells. 

The protective action of sugar is most effectively illustrated in the 
samples containing 50 percent of sucrose. The thermal resistance of 
the cells was greatly increased in ‘I,he presence of such excessive 
amounts of sucrose. 

A consideration of the results of experiments 3 and 4 leads to the 
same general observations, viz, m ice-cream mix without sugar injury 
of the cells by heat is greater than when sugar is present; the number 
of organisms capable of surviving increases with increasing pen-entages 
of sugar in the mix (this is especially noticeable when 50 percent of 
sugar is employed); and more of the injured cells survive in carbo¬ 
hydrate meaia. 

If high osmotic pressures result in an increased thermal resistance 
for cells, it is conceivable that micro-organisms whose normal resiilt- 
ance is at the threshold of the thermal exposure of pasteurization may 
survive in ice cream and not in milk. 

HYPERTONIC SOLUTIONS IN MILK 

Sterile milk was heavily inoculated with a pure culture of Escherichi!^ 
ecli 67 and then diluted (1) with an equal volume of water, (2) 
wi^ an , equal voliune of 100-percent sucrose, thereby giving an 
ultiipate ^ucentration of 50-percent sugar. These two samples were 
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plated before and after heating (54.5® C., 9 minutes) on plain agar 
and on 1-percent dextrose, sucrose, and lactose agars. 

The results in table 2 show that approximately 5 to 10 times as 
many organisms survived in the milk to which sucrose was added. 
In this experiment the use of carbohydrate agar did not increase the 
number of survivors—an observation that* tends to discourage the 
(conclusion that the injured cells are necessarily rendered more sac- 
charophilic. 

Table 2. —Effect of vartoutt media on the recovery of Escherichia coli 57 heated at 
5^.5^ C\ for 9 minutes in suspensions of milk and milk containing 0- and dO-percent 


Medium 


Clam 
Dextrose 
Sucrtisp . 
Lactose. 


, ('ount iKjr cubic centimeter 
before heating 


Survival jier million 
after heating at 54 .5* 
(' for 9 minutes 


i 1 i 

tH>cr(HJut ' 5t)-p>ercent i O-pcrwnl SO-iiercent 

sucrose ! sucrose j sutTose ■ sucrose 


10,000.000 
14,000.000 
10.000,000 
12.000,(KX> 


10,000,000 
11.000,000 
11,000,000 
J5.0(X).000 


I 


4K,000 
20.000 
IS, (KX) 

:x).ooo 


2.')0,000 
230, (XK) 
24.M)00 
150,000 


HYPERTONK' SOLUTIONS IN BROTH 

pR()TE('TnE Action of Various Sugars for Escherichia coli Held for 
Various Lengths of Time 

rnifonn suspensions of Ksch4>rlchia coll 25 were prepared in plain 
broth and in broths containing 50 percent, respectively, of maltose, 
sucrose, and dextrose. Because of the low scdiibiiity of lactose, sus¬ 
pensions of cells in saturatcHl lactose broth were prepared separately. 
These suspensions were plated as (luickly as possible on plain agar 
before an(j after heating to 54® C. tor 9 minutes. After the original 
suspensions had stood at room temperature for 2 hours, plates were 
again made before and after heating to 54® for 9 minutes. 

Table 3 show^s that saturated lactose failed to protect Escherichm 
coli 25, and that 50-perccnt maltose broth afforded only very slight 
protection. Tlie survival per million values in 50-percent sucrose 
and in 50-percent dextrose broths were increased ninefold and seven¬ 
fold, respectively, after the cultures bad aged 2 hours. 

Table 3. — Thermal resistance of Escherichia coli 25 after 2 hours' contact unth 
plain broth, saturated lactose broth, and 50-percent maltose, sucrose, and dextrose 
oroths 


t'cll susiiension 


Plain broth. 

Saturated hicRise broth.,,. 
50-peroent maltose broth . 
50-peroent sucrose broth... 
50-riercent dextrose broth. 


Count, per cubic centimeter after— 


Survival per million 
after— 


0 hour contact | 

2 hours contact j 



After heat¬ 


After heat¬ 


Before 

ing at 54’’ 
V. for 9 
minuter 

Before 

ing at 54® 

0 hour 

heating 

heating 

C for 9 
minutes 

contact 

1 

500,000 

500,000 

50 

550,000 

730 

100 

30 

520,000 

0 

60 

500,000 

1,100 

9,800 

130,000 

380 

2,200 

340,000 

220,000 

58,000 

29,000 

600.000 

18.000 

60,000 

13,000 

30,000 


2 hours 
contact 


1,330 

0 

2,900 

264,000 

217,0011 
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Effect of Prolonged Exposure of Cells to Hypertonic Sucrose Solution 

Suspensions of Escherichia coli 52 in plain and 50-percent sucrose 
broths were hold at 30° C. Samples were removed from the sucrose 
suspension after each 15-minute interval for 2 hours and then at less 
frequent intervals for 7 hours. Each sample removed was plated on 
plam agai- before and after heating at 54.5° for 5 minutes. 

A study of the i-esults presented in table 4 shows a marked increase 
in the thei'mal resistance during the first 2 hours. It is significant to 
note that although the counts on the sucrose broth before heating 
were fairly constant, the actual number of cells capable of surviving 
the heat treatment increased. Elvidently the physical changes respon¬ 
sible for greater heat stability of the protoplasm affect an increasing 
number of cells with time. In this instance the maximum number of 
cells capable of withstanding the heat treatment occurred after 2 
hours’ exposure, whereas continued contact with the sugar resulted in 
a decrease in the thermal resistance. 

Table 4. — The thermal resiMatice of Exrherichia coh US after prolonged incubation 
at 30° C. in plain and in />0-/}ercent sucrose broth before heating at 5Ji.b° d.for 
5 minutes 


Count f)cr cubic cfiiimicter& m- * 


Plain broth 


sucrose broth 


StirviN'U jHjr million 
in 


Period of contact before 
heating (minutes) 



Before 

1 heating 1 

! 

After heat-i 
iug at 54.5® 1 
C\for5 ! 
minutes i 

i 

Before 

heating 

! After heat¬ 
ing at 54 5® 
C. for 5 
minutes 

Plain ! 
brnth 

0 . 

1 1,500, OfW 

10 i 

1,700,000 

42,000 


15.-. 


1.700.000 1 

1 170,000 

... 

30>_ _ 


i 

1,800,000 1 

1 4.50, fKX> 

.! 

45. - -- 


' 

2 , 200.000 1 

1 570,000 

{ 

60. 

2,'60().(KX» i 

"0 

2 , :ioo, 000 ' 

' 750,000 

0 , 


. 1 

. 

1,700.000 

! 870,000 

_ . ..i 

90. i 

106.,. .' 

■ ' 1 


1,800,000 

1 700,000 
1 !400,000 

1 960,000 

i 690,000 

! 1 , 100,000 

■| 

120 . 1 

4 , 166,006 1 

.o'l 

r* ’ ' 01 

180.j 

; 38,000,000 1 

0 

2,900,000 

! 550,000 

1 0 , 

240 . 

150,000,000 1 

0 , 

1 , 2 (K ),000 

350,000 ! 

‘ 0 i 

300-.•_ ..1 

220,000.000 1 

10 ' 

1,100,000 1 

210,000 

0 

420. 

330,000,IXX} 1 

0 

9 : 10 , 000 ; 

57.000 i 

0 


SO^Ijereonf 

sucrose 

broth 


25,000 
100,000 
250,000 
250,000 

m, 000 

512,000 
533,000 
406, (KKl 
786,000 
100,000 
202,000 
lOl.OOO 
61,000 


The values for the survival per million in the 50-pcrcent sucrose 
broth have been plotted against time in figure 1. The graph clearly 
shows the tendency for the cells to become progressively more resistant 
to heat when exposed to hypertonic sucrose solutions for 2 hours and 
the tendency to lose this faculty on continued exposure. 

These results surest that liigh concentrations of sucrose may 
induce a physical change which no doubt is regulated by the per¬ 
meability of the individual cell. Tliis proc^ess, although ultimately 
leading to the death of the cell, at first increases the stability of the 
protoplasm to heat. Continued exposure, however, advances the 
d^ree of cot^ulation to a point beyond which plain agar can no longeir 
induce pmtization. The ultimate decline in the number of cells 
capable of sumving the heat treatment apparently is the result of 
profonged desiccation beyond the point of optimum stability. 
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HYPERTONIC SOLUTIONS IN WATER 
Effect of Variations on Osmotic Pressure 

Escherichia coli 52 was suspended directly in hypertonic solutions of 
dextrose and sucrose of various molalities. One tenth cubic centi¬ 
meter of an 18-hour plain-broth culture was placed in 5-cc quanti¬ 
ties of the various sugar solutions; after thorough agitation these 
were allowed to stand at room temperature for 5 minutes. Two 
cubic centimeter portions of each suspension were then heated to 
55® C. for 5 minutes. Plate counts were made on plain and dextrose 
agai*s before and after heating. The data, calculated to a basis of 
survival per million, are presented in table 5. Owing to the fact 
that each solution was inoculated separately, there was some una¬ 
voidable variation in the initial number of organisms in the solutions 



Figukk 1 Thermal resistance of Escherichia call 52 after prolonged inrubatum at 30“ in 50-preceuc 
sucrose broth before heating at 54.5® (’. for 5 inmuies. 

Table 5. —Survival per million of Escherichia coli when heated in equimolal 
dextrose and sucrose solutions 


1 

Molality'of 
sugar solutions 

Survival iw million of E coli \ 
when healed in- 

Molality of 
sugar solutions 

I 

1 

1 Survival jier million of E. coh 

1 when heated in - 

1 

Dextrose 

solutions 

Sucrose solutions 

Dextrose 

solutions 

Sucrose solutions 

Plain 

agar 

Dev- 

trose 

agar 

Plain 

agar 


Plain 

agar 

Dex* ; 

trose 

agar 

Plain 

agar 

Dex¬ 

trose 

agar 

0.26. 

0.60. 1 

0.76. 

If:- . 1 

0 

0 

0 

90 

0 

460 

000 

300 

180 

0 

270 

11,000 

0 

180 

21,000 

100,000 

1.5. i 4,700 

2.0. 1.5,000 I 

3.0-. i 47,000 

[ 4 0.>160,000 

12,000 

16,000 

31,000 

100,000 

170,000 

360,000 

270,000 

160,000 

1 210,000 
330,000 
320,000 
190.000 


- (• 
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Since the esinotic preskirea of the equimolal solutions were identical 
the.dilferences observed in the protective action cannot be accounted 
for on this basis. It is possible, however, that there were difl'erences 
in the effective osmotic pressure at the cell surfaces, since this would 
depend upon the perireability of the individual cell incinbrane. 
These results are in harmony with those of Cook^ to which reference 
has already been made. 

It is evident from table 5 that very little protective action is 
afforded by either sugar in concentrations below 1 inolal. The values 
in table 5 show quite forcibly that there is an increased protective 
action with the increasing osmotic pressure beyond 1-molal (*oncen- 
trations. 

Effect of Adding Sugak After Heating 

In order to determine whether the increased survival of cells heated 
in hypertonic sugar solutions was attributable to the sugar carried 
over from the sample into the medium, the following experiment was 
performed. A 24-hour plain broth culture of EHcherivhm coli 52 was 
diluted with an equal volume of water in one tube, and with an eipial 
volume of 100-percent sucrose solution in another. These cultures 
were heated to 54.5° C. for 5 minutes. After heating, the water 
suspension was divided into two equal parts; an equal volume of 100- 
percent sucrose solution was added to one part, and tlie other was 
similarly diluted A\ith water. This provided (1) cells which had been 
heated in water and then the sugar added (50-percent concentration) 
after heating, and (2) cells heated m water and subsequently further 
diluted with water. In a similar manner the original suspension of 
cells which had been heated in 50-percent sucrose solution was divided 
into two parts, one of wlticli was diluted with an equal volume of 
50-percent sucrose solution and the other with an equal volume 
of water. If cells suspended in sucrose surround themselves with a 
layer of sugar wliich ultimately serves as an intimate source of 
energy in the agar plate, one would expect the suspension to which 
sugar was added after heating to exhibit api)roximately the same 
survival as the cells heated in the preseiiee of sugar. 


Table ^.'r-Effect of adding /iO’-percent sucrose io cell suspensions of Esrhetichia coli 
52 after heating at 54^5° C. for 5 minutes 

[("outrob suspended In water! 


Count i)er cubic ceniinieter 


Treatment of cells 


Heated in 50'i)orceiit sucrose, then espial volume 
of 60-perc*ent sucrose ad<le(i 
Healed in water, then equal volume o iiO-poroent 
sucrose added 

Healed in water, then equal volume of water 
added. 


Agar 

i 

Before 

heating 

After heat- j 
ing at 64 6® ; 
V. for S 
minutes « | 

Survival 

i IH’ir 

1 million 

Plain ... j 

78, fKK), (100 

2.600.000 

1 67,000 

i)extro.so.i 

80,000,(KK) 

6,7(K),000 

168,000 

Plain. 

190.000,000 

3(H). (H)0 i 

3,200 

Dextrose. ' 

m 000,0(H) 

260,000 

2,300 

Plain. 

190,000,000 

2 ,100,000 

22,000 

Dextrose. 

230,000,000 

i 

1 ,100,000 

10 ,000, 


* .Since the samples w*ere diluted with equal volumes of sucrose .solution or water after heating, the values 
in tma column shotild m doubled. The values for survival per million have been adjusted accordingly. 

* Cook, W. B, See footnote 3. 
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Tlie results in table 6 show tliat the addition of sugar after the 
cells had been heated in water failed to induce recovery from injury; 
in fact, the values for survival per million were actually smaller than 
those observed in the water suspension. The damage to the cells 
heated in water apparently cannot be counteracted by the subseciuent 
addition of sugar. If the sugar is present during the heating a rela¬ 
tively large numbej* of the cells are protected from irreparable injury. 

Effkct of Htpehtonic SuoAit Solutions on Thekmal Resistance of Various 

Bacteria 

Some of tlie results already presented suggest that the permea¬ 
bility of the individual cell membrane may yday an important part 
in the phenomenon of piotective action. The results of several experi¬ 
ments not presented in this paper have suggested further that the 
protective action of dextrose and sucrose solutions was best demon¬ 
strated with organisms which were sensitive to heating in water. 
(Considering these individual variations one would not expect^ there¬ 
fore, that all bacteria would be protected by hy])ertoiiic solutions. 

The ])rotective action of dextrose and maltose was tested on pure 
cultures of several dilferent oi*ganisms. One cubii^ centimer of an 
IS-hour plain broth culture of the test organism was inoculated into 
each of three flasks containing 40 cc of water, 2-inolal dextrose, and 
2-molal sucr(»se, respectively. After thorough agitation sam])les were 
removed for ])iating and heating. The time of healing was 5 min¬ 
utes in all <*ases, but the temperature employed varied with the 
different organisms, 

Tahle 7.--Effect of hypertonic solutions on the thermal resistance of cultures of 

several different organisms 


('uliuro 


Sierrntui imiurscrnif 
Siaphylococcum albus 
Put udomoiiatt flvou'itct ns_ 
A f Tohacter at rodent .h 
Staphylococcus aurtus 
Bactilus subtil is 
Sahnortt'lln pullorum 


C(nirit per fubic mitiiiieH'r iK'fore 

lU'Hiiai; III 


j wafer j dcnlnise , siiern.se 


I’emiier- 
ature of 
exposure 
for 5 
miijuies 


! ('ount jK'r cubic centi- 
, meter after heuiiuj: m 


Dis* 
t tiled 
w ater 


■ 2-iiiolal 
j dex- 
' Irose 


2-molal 

sucrose 


I 2S. (KM), fKM) ; 23, UK), 000 ' 17, UK). UK) j 

40. UK) j 10, (XK) i 00, UK) ' 

30. UK) ! 1,UK) ! 12. UK) i 

12.UK).0U) I 14, UK), 000 \ 10. UK). UK) i 

i 13, UK), UK) ! 37. UK) 7.9U),(XK) I 

I 130. UK) 130, UK) ; 140, OU) 

l.UKl.OU) I L.MK) l.UK) 


(' i 


55 

! KKl ;540.f’KK) 1 

\U), OU) 

55 

1 » 

0 ' 

0 

55 

1 10 , 

00 j 

9,000 

U) 

i 2.h(K) 1 : 

Vi.UKl ; 

75,000 

m 

! 12(1; 

190 1 

2. m\ 

iK) 

20 1 

130 i 

500 

55 

1190, UK) 1 

1, lU) 1 

1,21K) 


The (lata in table 7 sliow strikinje variations in the effect of water, 
2-inolal dextrose, and 2-niolal sucrose on thermal resistan«'e of cells. 
First, it will be noted that there is little or no evidence that either 
dextrose or sucrose afforded the strains of Staphylococcus albus or 
Salmonella pullomm any increased resistance to heat. However, it 
should he noted that tlie counts before heating in the dextrose and 
sucrose suspensions of S. pullorum are practically the same as those 
labtained after heating. Wlicn compared with the counts on the 
aqueous suspensions before heating it is evident that very large per¬ 
centages of the organisms died almost instantly when introduced into 
the sugar solutions, but those which did sun'ive were able to with¬ 
stand the heat treatment. 
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There is only slight evidence that 2-molal sucrose protected Bacillus 
subtiliSj whereas the results with Pseudomonas jlmresceris and Staphy¬ 
lococcus aureus indicate protective action more definitely. Serratia 
marcescens and Aerohacter aerogenes were unmistakably protected by 
the presence of either dextrose or sucrose. Two-molal dextrose 
apparently offered more effective protection to S. marcescens tlian did 
an equimolal solution of sucrose; the reverse was true, however, for 
A. aerogenes. In eacli case in wliich protective action was observed 
the cells exfiibited extreme sensitivity to heat in water suspensions. 

Effect of Washing Cells After Exposure to Sugar 

Five cubic centimeters of an 18-hour plain bioth culture of Escher¬ 
ichia coll 52 were centrifuged and all but 1 cc of the supernatant 
broth removed. One cubic centimeter of 100-percent sucrose was 
added and the resulting 50-percent sugar suspension of cells allowed 
to stand at room temperature for 30 minutes. The cells w(u*e then 
washed seven times with 0.85-percent NaCl solution to remove tlie 
sugar. At the appropriate time two 5-cc portions of a broth culture 
of the same organism were centrifuged to <*oncentrate the cells. All 
but 1 <*c of the supernatant broth was removed from one of these 
tubes and 1 cc of the 100-percent sucrose added as before. The cells 
were allowed to remain in contact with the sugar for 30 minutes at 
room temperature. The other tube of centrifuged cells was used as 
a broth control. Jn this case all but 2 cc of the supernatant broth 
was removed and the cells resuspended in the 2 cc volume of broth. 
After 1-cc portions of these tluree suspensions had been removed for 
plating before heating, the tubes were placed in the wat(^r bath at 
54.5° C. for 5 minutes. jPlates before and after heating were made 
with plain and dextrose agars. 

Table 8 .—Thermal resistance of Escherichia cnli nJ when exposed to oinpercen ^ 
sucrose SO minutes , then washed in O . S 5 -percent NaCl 

I Count per cubic eciiti- ; 

meter ' . 

I I .... ....f^ur- 

Treatment of cell.*' i Agar ' I After heat-' 

I Before heat' inp at 54.5®, 

mg C for 5 

1 , ! minutes i 

Exposed to 50-percent sucrose 30 minutes, washed /Plain .I 280,000, (MW 340,000 1,200 

7 times, and heated in 0.85-percent saline. I Oextrosie .i 320,000,000 410,0(K) 1,300 

Exposed to 50-pereeut sucrose 30 minutes, not /Plain. i 840,000,000 400,000,000 4rfl,000 

washed, heated in the sucrose solution. \Dextrose. ' 900, (XK), 000 400.0no,(XXl 444. (XX) 

Centrifuged from broth, resuspended, and heated 1/ Plain...,-.11, (XX), 000,000 1,300,000 1, 3iX) 

in broth. itDextrose.! »60,000,(XK> 4,200,000 4,4(X) 

It »s quite evident from the data in table 8 that the protective action 
which 50-percent sugar afforded cells was readily removed by washing 
the cells in an 0.85-percent NaCl solution. The cells heated in saline 
and in broth suspensions were quite susceptible to heat, whereas the 
presence of sugar during heating resulted in increased resistance. 

PROTECTIVE ACTION OF HYPERTONIC SOLUTIONS AGAINST THE COAGULATION OE 
NONLIVING PROTEIN SYSTEMS 

It is obviously difficult to demonstrate changes in the physical 
status W titc colloidal system of a minute bacterial cell except by 
indirect ineans. If the coagulation of cell colloids follows simple, 
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well-defined laws of colloid chemistry^, then the protective action 
afforded by sugars should be readily demonstrable with nonliving 
colloids. The following experiments were designed to investigate 
such a possible parallelism. 

Effect of H'^pertonic Dextrose and SucroseJ^jolutions on the Coaoula- 

TioN OF Egg Albumin 

By serial dilution of 8-molal sucrose and dextrose solutions, 6-, 4-, 
3-, 2-, 1-, 0.5-, 0.2-, and 0.1-molal concentrations of each sugar were 
prepared. From these, series of tubes were airangcd each containmg 
1 cc of one of the foregoing (‘oncentrations of sugar. To each tube 
1 (*c of fresh egg albumin was added and thoroughly mixed with the 
^ugar solution, thus reducing the sugar to one half its original con¬ 
centration. Tubes containing a mixture of equal parts of water and 
egg albumin, and also tubes contained undiluted egg albumin were 
used as controls. 

The series of tubes for both sugars were placed simultaneously in 
a w^ater bath at the desired temperature and the time of coagulation 
noted. It was ne(*essary to adopt an arbitrary standard of turbidity 
for coagulation in order that the readings might be rendered unifonn. 
Tlie alf)umin was arbitrarily regarded as coagulated when it was no 
longer possible to identify and differentiate the letters on a type¬ 
written jiagc held behind the tube; the diameter of the tube was 
10 mm, 

'Fable 9.-- Effect of cquimolal coNceriirations of dextrosi nud f^ucroHC on the coagvla- 

inm of egg albumin 


Time required to ccwijjulfite egg albumin af- 

MoIuht> ofsupar 


4 


I_ 

<f .*■)- . . 

(rj ... . 

01 . 

(I0f>. 

W’ater, eggl.l. 

VndilutodeKu 

“ Not coagulated after 24 hours. 

The data in table 9 show tlie time required for (‘oag:ulation of egg 
albumin at 60°, 65°, and 100° C. when mixed with equal parts of 
various equimolal concentrations of dextrose and of sucrose. At 
60° a material increase in the time required for coagulation was 
observed when the sugars were present in 1-molal or greater concentra¬ 
tions. When 3-molal and 4-molal solutions of either sugar were 
employed coagulation was prevented for at least 24 hours. It is 
especially significant that sucrose afforded more protection than 
dextrose. Tne albumin coagulated in 73 minutes at 60° in the 
presence of 2-molal dextrose, whereas an equimolal solution of sucrose 
prevented coagulation for 24 hours. 


«0° 

C. 



100° 

c 

Dextrose 

Sucrose 

Dextrose 

Sucrose 

Dextrose ’ 

_ , 

Sucrose 

^tmvfes 

Minvtes 

MtJiutt'S 

MinuteK 

Minute ft , 

Minutes 


f«) 

(“) 

(“) 

0 f) 

0.5 

(«) 


34 


.2 ' 

.2 

73 , 

{-) 

8 

' 11 f) 

1 .2 ' 

. 2 

23 : 

31 

4 

1 4 

i -2 1 

',2 

N 

w 1 

3 1 

' 3 r. 1 

.2 i 

.2 

(1 ' 



i 3 : 

: . 2 1 

. 2 

i 

- 1 

3 1 

3 5 1 

1 _ 2 

.2 

' 

5 i 

2 1 

1 

i '2 1 

.2 

3 ' 

3 j 

2 ' 

2 

! .2 ! 

.2 

4 ! 

4 I 

2; 

2 i 

1 2 1 

^ 2 
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When the experiment was repeated at 65° and 100° C. much more 
rapid rates of coagulation were observed. For example, with the 
3-molal solutions the albumin faded to coagulate in 24 hours at 60°, 
but when exposed to 65° coagulation occurred in 34 minutes in the 
dextrose and 52 minutes in the sucrose solutions. At 100° coagula¬ 
tion in all concentrations employed occurred in relatively few seconds. 

Effect of Vabious Somites on the Inactivation of Rennin by Heat 

To a series of tubes each containing 2 cc of rennet extract was added 
an equal volume of one of the following substan<‘es; Conductivity 
w^ater, 1-molal sodium chloride, 1-molal calcium chloride, 4-molal 
sucrose, and glycerol (specific gravity 1.25). The tubes, together with 
a control tube containing undiluted rennet, were placed in a water 
bath at 70° C. At various time intervals one drop of the rennet mix¬ 
ture from each tube was removed and added to tubes containing 10 cc 
of fresh, raw milk. The tubes of milk were held at room temperature 
and observed for the time of coagulation. Progressive inactivation 
of the rennin increased the time required to coagulate milk. 

Table 10. —Effect of various substances on the inactivation of rennin bij heal 
[Material added to rennet, etjunl volume] 


Coagulation time of 10 cc of milk by 1 drop of rennet mixture 


Period rennet mixture was 
exposed to 70* C, (minutes) 


Nothing 

added 


Conductiv¬ 
ity water 


1-molal 

sodium 

chloride 


1-molal ! 
calcium I 
chloride ; 


4'molal 

sucrose 


Olyit'rol 


(L. „ 
2 6. 
6.0 _ 
7 6 
10 0 
12.5.. 
ir. 0. 
20 0 .. 
30 0 
45 0 
fiO.O. 
100 0 
120.0 
150 0 
180 0 
240 0 
300 0. 


MtjiutUfS 

34 

40 

lOVI 

162 

314 

.550 

(“) 


) . - 


Mtnutfif 

.30 

72 

(•*) 


^ftnufcs 

20 

41 

319 


Mtnufeit 1 
20 ; 
22 1 
22 ; 
36 1 
39; 
101 ' 
109 ' 
230 i 
.')94 

(V ; 


Minuffft 

33 

32 

31 

27 

25 

61 

70 

f)5 

55 

40 

3.5 

.50 

50 

44 

70 

55 

(>0 


20 

21 

31 

.lt> 

100 

UK) 

135 

260 


* Not coagulated after 24 hours. 

It will be observed from the data in table 10 that 1 drop of the 
undiluted rennet before heating induced coagulation of 10 cc of milk 
in 34 minutes. After the milk had been heated for 2.5, 5.0, 7.5, 10.0, 
and 12.5 minutes, the coagulation times increased to 40, 109, 162, 
314, and 550 minutes, respectively. After exposure to 70° C. for 15 
minutes the rennin was so completely inactivated that it could not 
induce coagulation in 24 hours. All the milk not coagulated after 24 
hours was still sweet to the taste. 

The rennet extract which was diluted with water was completely 
, inactivated after 5 minutes’ exposure. This agrees with the decreased 
thermf^ resistance observed with certain bacterial cells in water sus¬ 
pension. . lakewise^ it will be observed in table 10 that 4-molal 
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sucrose very effectively protected rennin against destruction by lieat. 
Even after 5 hours' exjmure at 70® C. the rennin was sufficiently 
active to coagulate milk in (K) minutes. Glycerol and 1-molal calcium 
chloride also afforded definite protective action, although not to the 
same degree as sucrose. Sodium chloride apparently hastened the 
inactivation of the rennin. The data for suitable control tubes were 
not incorporated in the table as the coagulation times were identical 
with those observed for the undiluted rennet, except in the case of 
the milk to which calcium chloride was added. As might be expected, 
the addition of calcium chloride to the milk reduced the time of coagu¬ 
lation a few minutes in each case. The observations arc so completely 
in accord with those juade with cell suspensions that the possibility of 
the operation of the same set of factoi*s is forcibly impressed. 

DISCUSSION 

The data in this paper lend support to the concept that the indi¬ 
vidual cell does not die suddenly after a given exposure to heat. 
Unfavorable environmental factors induce changes in the cells, which 
behave in accordan<*e with well-established principles of colloidal 
chemistry. It is believed that all the salient features of the data 
presented can be explained on the basis of the theory of cell destruction 
outlined by Bancroft and Richter ( 2 ). This concept permits of a 
logical basis for elucidating protective action, increased growth in 
carbohydrate media, sensitivity of cells to water, and other observa¬ 
tions made in connection with this study. 

The <legree of dispersion of the colloids of the normal cell presumably 
is at least nearly ()])tinium for maximum stability. As the agglomera¬ 
tion of the colloids becomes progressively more pronounced, the cell 
becomes more sluggish and eventually dormant. Such a cell is nar¬ 
cotized and may be revived if placed under conditions conducive to 
peptization of the colloids to their normal degree of dispersion. 

It is apparent that the more advanced the degree of coagulation, 
the gj’eater will be the difficulty encountered in peptization. Similarly, 
one should ex[)ect decided diffen'iices in the peptizing cpialities of 
varioiis media. The coagulated colloids of an injured cell mav be 
pc'ptized by one medium and not by another. Obviously, reversibility 
of coagulation is a relative matter and de})ends upon a complementary 
relationship with the pei)tizing qualities of the medium employed. 

A summary view of the data i)resented in this paper suggests that 
certain sugars retard the agglomerating action of heat on the proto¬ 
plasmic colloids. As a result, cells subjected to a given heat treatment 
in concentrated sugar solutions are only reversibly coagulated, whereas 
in aqueous suspensions the protoplasm more closely approaches the 
irreversible stage of coagulation. In these experiments thermal ex¬ 
posures have been employed which were barely adequate to kill the 
cells in aqueous suspensions, thereby favoring a demonstration of the 
maximum protective action in the sugar suspensions. Experiments 
are now in progress with cultures whose heat resistance is just at the 
^threshold of the thermal exposure of pasteurization. If some of the 
‘organisms in ice-cream mix are sufficiently protected by the presence 
of sugar to enable them to survive, the need for a readjustment of 
pasteurization requirements for this product would be suggested. 
The practical aspect of the protective action of sugar is also niani- 
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fested in the production of sweetened condensed milk, and the jprM- 
ervation of foods containing high percentages of sugar such as miits 
canned in sirup, honey, molasses, etc. 

The protective action of hypertonic sugar solutions against the 
action of heat on egg albumin and rennin further suggests that the 
protection is afforded by retarding the rapid coagulation of the 
colloidal complex. The addition of water hastened the time of co¬ 
agulation or destruction of the enzyme, and the addition of hyper¬ 
tonic sugar solutions retarded the same process. The parallelism 
between the observation with nonliving proteins and those made 
with living cells is quite apparent. The precise mechanism by 
which sugar solutions retard the coagulation of nonliving proteins 
is one w’hich still challenges the attention of physical t-nemists. 
The data presented in this paper suggest that the same fundamental 
principles involved may apply to the destruction of bacteria. 

"V^en the cell colloids have agglomerated to the extent that all 
efforts fail to peptize them, the cdl may be regarded, with reserva¬ 
tions, as irreversibly coagulated or dead. The impracticability of 
proving such a point beyond all peradventure of doubt is illustrated 
by the many reports in the literature of delayed germination of 
heated colls. Although it is quite proper to conclude that the colloids 
of a cell arc irreversiWy coagulated with respect to a given medium, 
obviously the conclusion should be confined to the observation, 
especially if minimal exposures have been employed, deter¬ 

mination of minimum lethal exposure is subject to question on the 
basis of the imcertainty of the death of the organism. 

The importance of permeability in protective action is suggested 
by the results of several experiments. Prolonged exposure of certain 
cells to hypertonic solutiofts results in an actual increase in the num¬ 
ber of cells capable of withstanding a given heat treatment, although 
the total number of cells in the imheated samples may show a steady 
decline. It is believed that this is explicable on a basis of different 
degrees and rates of permeability of the cells in the population. 
The variations observed in the protective action of various sugare for 
different organisms also suggest that penetration of the cell wall 
must play an important role m the regulation of protective action. 

When certain cells are heated in a series of solutions of dextrose 
with increasing osmotic pressures, there is an unmistakable parallel 
increase in the protective action. A similar series of equimolal 
concentrations of sucrose will show considerably greater protective 
action than the dextrose solutions. This suggests that although 
osmotic pressure is ^ important factor in uie protective action 
afforded by sugars it is not the only agency involved. If the protec¬ 
tive action is to be explained on a basis of the transfer of water, 
obviously osmotic pressure would play an important part. On the 
other hand, the effective osmotic pressure at the cell surface is regu¬ 
lated not only by the molecules in solution but by the relative per¬ 
meability at each individual cell surface. 

SUMMARY AND CONCLUSIONS 

This work involves a study of the increased resistance mani¬ 
fested by certain micro-organisms when heated in the presence of 
high cofic^nta^tions of sugars. The significance of this phenomenon 
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m the heating of ice-cream mix is demonstrated and the probable 
relation to the preservation of condensed milk, canned fruits, honey, 
molasses, etc., is suggested. 

Within the limitations imposed by the experimental procedure 
it has been possible to demonstrate some of the fundamental points 
bearing on the mechanism of this protective action. The per¬ 
meability of the individual cell apparently plays an important 
part in regulating the rate of death in water and in sugar suspen¬ 
sions. 

The protective action increased with increased osmotic pres¬ 
sure in a series of concentrations of a given sugar, but equimolal 
solutions of different sugars did not show the same protective action. 
Maltose and lactose gave little or no protection to the cells studied. 

Not all cells exhibit the phenomenon of mcreased thermal resis- 
tacne in hypertonic solutions. Such resistance is believed to be 
limited to those cells which are highly sensitive to water at slightly 
increased temperatures. Washing of cells after exposure to hyper¬ 
tonic solutions removes any protective action whicli the sugar solu¬ 
tion affords the cells in the unwashed portion. 

Parallel with the protective action for cells, hypertonic sugar 
solutions have been shown to dela^^ or even prevent the coagulation 
of egg albumin and to retard the ina(*tivalion of rennin by heat. 

The general (conclusions from these data may be briefly stated as 
follows: The addition of sugar to ice-cream mix may increase the 
thermal resistance of the microflora. Hypertonic solutions of dex¬ 
trose and siuTOse made up in broth, milk, water, or ice-cveam mix 
afford(Kl certain cells definiUdy gi*eater protection against heat than 
when heated in w^ater suspensions. The addition of sugar after 
heating did not induce an increased survival of the cells employed in 
this study. The variation in the peptizing qualities of different 
media for the cells which have been only reversibly coagulated by 
minimal exposures suggests caution in all studies based upon the 
death of the (‘ell as measured by <‘ultural methods. 
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THE INFLUENCE OF LIME ON THE REACTION OF 

SUBSOILS* 


A. W. Blair, hoU chemiat, and A. L. Prince, assistant soil chemisty New Jersey 
Agricultural Experiment ^Station 

INTRODUCTION 

Much has been learned of the effect of lime on the soil, esjiecially 
on the part that is constantly being stirred by the plow and other 
implements of cultivation. Ia'ss is known, however, of its cfl’ect on 
tlie soil that lies immediately beneath the plowed depth. Work at 
Rothamsted, England,^ at Cornell,** Florida,'^ and other experiment 
stations has shown that lime is lost rather ra])idly from the soil 
through drainage waters. It is reasonable to suppose that as the 
lime-charged water percolates through the subsoil, it gradually 
neutralizes any acids that may be present and thus raises the pH 
value. 

The soil-fertilily (ilots at the New Jersey Agricultural Experiment 
Station seemed to offer an excellent opportunity for obtaining some 
<le(inite information on this point. The soil involved is the Sassafras 
loam and is of fair (piality only. It can scarcely be called typical 
Sassafras soil, since it occurs just at the southern boundary’ of the 
soil which is derived from the Triassic red shale. Litth' is known of 
the history of this soil previous to 1908, when the plots were laid 
out and the experimental work was begun. It is quite certain, how¬ 
ever, that lime had not been applied for many years and possibly 
not at all. 

During the period of the experimental w^ork certain of these plots 
hav(» received no commercial lime. Others have been limed regidarly 
at f)-year intervals (carbonate form), some receiving 2 tons to the 
acre, some I ton, and others *2 ton. In all the expiuiments the land 
was jilowed to a dejith as nearly uniform as possible under the cir¬ 
cumstances, about 7 inches. 

NITROGKN-AVAILABILITY PLOTS 

The nitrogen-availability series of plots contains forty Jjo-acie plots. 
Half of these have received no lime during the exptuimental period 
and the other half have been limed at the rate of 2 tons of the car¬ 
bonate form to the acre, at 5-year intervals. The last application 
before the samples under consideration were taken was made in the 
spring of 1928. Samples of soil were collected from these plots in 
September 1932. The top or surface sample was taken to a dejith of 
inches; the second i\% inches represents the subsoil. The samples 
w^ere prepared and pH determinations made by the quinhydrone 
method. 
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The results, together with the fertilizer treatments for the plots, 
are presented in table 1. A study of the table shows that with few 
exceptions the pH values of the samples from the unlimed plots 
range from about 5.0 to 5.8, while the pH values of the samples from 
the limed plots range from a Uttle less than 7 to about 7.5. The 
subsoils from the unlimed*plots are just about as acid as the topsoils. 
On the other hand, the acidity of the subsoils from the limed plots 
has been corrected to just about the same extent as the acidity of 
the surface soils. The figures given in table 1 seem to furnish con¬ 
clusive proof that the lime, in its journey downward, does neutralize 
the acidity of the subsoil and thus raise Ihe pH value. 

Table 1 — pH values of surface soils and subsoils from nitrogen-availability plots 


Plot 

no 


Ft*! tilizer treatment (1/20 acre) 


1 

2 

3 

4 
6 
6 

7 

8 
9 
]0 
11 
12 

13 

14 

15 

16 I 

17 


None... 

16 pounds muriate of i)oi ash. 

32 pounds superphosphate.. .. 

Minerals only i. 

Minerals and 1,600 iwunds cow niaimre. 

Minerals and 1,6(K) pounds horse immure (nianiire discon- 

tmued svfter 1922). .. . 

None. 

Minerals and 8 pounds NaN Os .. . 

Minerals and 16 pounds NaN Os.. . 

Minerals and Ca (NOsla equivalent to 16 pounds NfiNO^. 
Minerals and (NHOjSOi equivalent to 16 pounds NaN Oj. 
Minerals and CaCNj equivalent to 16 pounds NaNOj 

Minerals and dried blood (discontinued after 1922). 

Minerals, NaNOi, and (N 1 J«) 2 S 04 (half thenitmgen from 

each). 

Minerals and concentrated tankage.. . . 

Minerals only... 


18 

19 

20 


Minerals, 1,600 pounds cow manure, and 16 iKiiinds 

NaNOa. 

Minerals only..... 

Minerals, 2<in pounds wheat si raw, and 16 ixiunds NaN 0} 


Unlimcd section 

i Limeti section 

1_ 

Surface 

Hill 

8nb.soil 

1 

Surface 

sod 

j Subsoil 

! _ 

PJI 

pi! 

ptr 

1 pIJ 

5 12 

5 .56 

7.55 

1 7.50 

6.03 

5 67 

7 45 

7.13 

6.09 

5.52 

7 IS 

7 15 

6.23 

5.51 

7.11 

* 7 22 

5.78 

5.62 

7.00 

1 7 10 

6.32 

.5 47 

1 6.78 

6 68 

4 70 

:> 30 

1 6 87 

1 7 10 

5 54 ’ 

5 62 i 

1 0.88 

7.09 

5 50 

! 5.80 

1 7.16 

7.20 

6 49 

5.70 

7.14 

7,30 

4.12 

4.67 

6.00 1 

1 6 37 

6 70 

5 58 

7 24 1 

7 37 

5 Zi 

5.53 

7.05 ; 

6.90 

5.30 

5 66 

6.90 

6 95 

5.02 

5.27 

6.80 

95 

5 OS 

5.06 

6 80 

7.00 

6 40 

5.46 

7.09 

6 85 

6,06 

5.82 

7 35 

7.32 

5.15 

5. 23 

7 10 

7.28 

5.80 

5 65 

7 47 

7.45 

- - 

... 


__ 


1 Minerals =516 pounds sujierphosphate and 8 pounds muriate of potash. 


CALCIUM AND MAGNESIAN LIMESTONE PLOTS 

In a second series of plots representing the same type of soil as the 
first, magnesian limestone, and high-calcium limestone have been 
applied over a period of 25 years, at 5-year intervals, in amounts of 
Vi ton, 1 ton, and 2 tons to the acre. The crops have been largely 
grain, hay, and forage, though vegetables were grown for a number of 
years on one section. . 

Samples of soil were collected from these plots for pH determina¬ 
tions in July 1933. Table 2 show’s the pH readings for the suHace 
and subsoils from four different sections that received the lime 
treatments. An examination of the table shows at once a correspond¬ 
ing rise in the pH value of the surface soil and subsoil as the lime was 
increased. 
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Table 2. —pH values of surface soils and subsoils when different lime treatments 
were applied and different crop rotations grown . 



1 Hotatioii 1, 

, plots 21-27, 

Rotation 2, 

1 

Jiotation 3, 

Rotation 4. 


plots 28-34, 

plots 35-41, 

plots 42-48, 


1 general farm i 

general farm 

vegetable i 

forage crops 

Lime treatment 

j erops 

1 

crops 

L _ . . 

crops 

and hay 


i 1 j 

Surface) Sub- 

Surfac-e 

1 1 

Sub- 

I 1 

Surface i 

1 

Sub- 1 

Surface , 

Sub- 


, .sod 

1 sol] I 

1 j 

soil 1 

1 .-.1 

i 

sod 1 

! 

«Oll 

soil 

sod 

No lime. 

: pit \ 

pit 

pll 

pIl 

pll i 

pir 

pir 

pll 

1 ft. ift ' 

ft 20 

1 

ft 70 

i ft 02 ! 

ft 17 

4 92 

ft. 14 

LOOO pounds calcium limestone. 

1 .ft.73i 

ft 70 

ft fl8 

ft Oft 

' ft 10 : 

ft 4ft 

ft. 06 

5. 58 

2,000 pounds calcium limestone-. ... 

! ft 07 i 

U Oft 

6- 20 1 

ft 3ft 

1 ft 69 ' 

ft 08 

ft 7r> 

ft. 02 

4,000 pounds calcium limestone.- . 

1 " 1" 

1 7 00 

7.20 ' 

7 17 1 

ft 40 ' 

ft 92 ' 

ft 87 

7 00 

1,0(X) pounds mapnesian limestone. 

( ft 7H 

! ft 00 

1 ft (K) , 

ft Oft 

ft 62 

ft ftft 

ft 73 

5 70 

2,(KK) pounds mapnesiunJimestone... 

; ft 43 

! ft. ft4 

i ft ftO , 
1 7 46, 

6 50 

ft. 20 , 

ft i4 

1 ft Ift 

ft. 1ft 

4,IKK) iamrids majiiiesian limestone..- 

7. H 

i 7 16 

7 20 

7 (K) 

7 22 

U 97 ' 

1 7 10 


The pH values for the different rotations are generally in fair 
agreement. For rotations 2, 8, and 4, there is a slight tendency for 
the pH of the subsoils to be higher than that of the surface soils. 
Almost without e.K(‘cption the plots that received no lime, both soil 
and subsoil, have low pH values. 

With only one exception the pH values for the ina^esian limestone 
are somewhat higher than tho.se for the corresponding calcium lime¬ 
stone treatmentvS. This is to be expected, sin<‘e the limestones were 
used in e<iUHl weights ratlier than in e( 4 uivalent amounts of actual 
lime (CaO). 

CONTINUOUS WHEAT AND RYE PLOTS 

In September 1932 samples of soil were collected for pH determina¬ 
tions from plots on which wheat and rye had been grown continuously 
since 1909. Lime had been applied usually at 5-year intervals to 
maintain the reaction at about pH 6.5 to 7. The pH determinations 
are shown in table 3. The eight samples of surface soil show a range 
of pH 6.10 to 6.42, and the eight subsoils a range of 5.96 to 6.39. 
Tn each case the pH value of tlie subsoil was only slightly lower than 
that of the surface soil. A sample of surface soil and subsoil from an 
adjoining unlimed plot liad pH values of 5.5 and 5.38, respectively. 
In this case the pH value of the subsoil from the limed plot was about 
0.8 higher than that of the subsoil from the unlimed plot. 

Table 3. —pH values of surface soil and subsoil from plots continuouslij in wheat and 

rije, Um-SJ 


08,. . 

e9-A» 

70- . . 
7(KA« 
7k-. . 

71- A» 


» The A plots rt^ceive ear^}^ > oar a top-itre.<?s'uiv: of nitrate of soda at the rate of m pounds to the acre. 


Plot no. 


Crop 


!.f '•» value 

soil of subsoil 


Kye - 
- -do 
W heat 
--- do 

Rye-. 

do-_. 
Wheat -. 
..do... 


0 . 42 1 
ft 42 I 
f) 31 i 
« 31 i 
fi .33 1 

n ( 

ft 2f> 
C. 10 


ft 39 
6.28 
6.30 
6.30 
ft 20 
ft.QO 
6 13 
T) 96 
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LEGUME AND NONLEGUME PLOTS 

In scries 1 tliere were ei^ht ^o-aerc plots whieli had been in a 5-year 
rotation for 15 years. Lime had been applied at 5-year intervals to 
maintain the reaction near tlie neutral point. The crops grown were 
grain and hay. One half the plots were kept in legumes, when the 
rotation w'ould permit, and the other half in nonlegumes. Samples 
of soil were collected from these plots for pH detenninations in 
October 1932. The results are showm in table 4. 

Table 4 .—pH valuer »/ surface soil arid subsoil from limed plots in legume and 

in nonlegume rotations 

SERIES I 


! 

Plot j liotation 

no 


73 

74 
77) 
7fi 

77 

78 

79 
8(J 


NotileRUirie. .. 
Lepume. _ 

NonleRijme. 

liORumo. 

Nonlepuine 

LeRume. 

Nonlegume .. . 

IjCgume. 



HERIES 2 


1 i Nonleiiume 

2 -do. ... 

3 Lepumo.. . 

4 j . -do 


I»ll ViUue 
of 

surfact* 

soil 

pll vnlup 
of 

SUl>.‘«Oll 

7 3h 


20 

7. M) 

7 

ir* 

7 38 

7 

21 

7 38 


12 

7 4r* 

I 

20 

i •>«’ 

7 .'■>2 i 


o£ 

30 

7 30 , 

- 

20 

7 o:> ' 


10 

0 90 . 

t\ 

84 

0.18 ' 

0. 

rA\ 

0 72 i 

7 

m 


With slight e.xception the eight surface soils show pH values 
about 0.15 to 0.25 higher than the sxibsoils. There appears to be 
no correlation between the soil reaction and the rotation practiced. 
Samples from unlimed j)lots adjoining (w near the experimental 
plots gave pH values of about 5.2 to*5.3. Here is a difference of 
about 2 points between the unlimed surface and subsoils and the 
corresponding limed soils. It is evident that the lime has influenced 
the reaction of the soil to a depth of at least 12 to 13 inches. 

In scries 2 there were 4 plots, 2 of which had been in a nonlegume 
rotation for about 15 years and 2 in legumes, or legume cover crops, 
when the rotation would permit. Lime had been applied to keep 
the soil near the neutral point. Samples of soil were collected for 
pH determinations in October 1933. The pH values are shown in 
table 4. On nearby pjots without lime the pH value of both surface 
and subsoil was about 5. It is evident that here, too, the lime had 
worked downw'ard and changed the reaction of the subsoil to about 
the same degree as the surface soil. 


ALFALFA PLOTS 

Four plots had been in alfalfa 12 years during the past 20 yeara 
(1914 to 1918, inclusive; 1922; 1925 to 1927, inclusive; 1931 to 
1933, ,in«dusive). For the remaining years the crops were com, 
oate, wh,eat, and potatoes. One of these plots had not been limed 
dining the entire 20 years; another had been limed (carbonate form) 
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at 5-yoar intervals at the rate of 1,000 pounds per acre; a third had 
been limed at the rate of 2,000 pounds per acre, and a fourth at t?hc 
rate of 4,000 pounds per acre. Samples of surface soil and subsoil 
were collected for pll determinations in July 1933 (table 5). 

Table 5 .—pH values of the surface soil and subsoil of limed and unlimed plol^ 
that had been in alfalfa 12 years during the past 20, and yields of alfalfa hay on 
the same plots, 193 


Vielfl of liM> per acre 


ri(»i 
no 1 

Liiru* tn'atrruMit (poun<ls hrnestono per acre) 

j- 

. 1931 1 

1932 

' 1933 

1 

, Aver- 1 mi ; 

1 ape ! 1 



[Poundx \pnundK 

Ipmindu \ PoundJt\ pTf i 

pll 

1 i 

1 None 

1,713} 


! l.HOl 

1 1,4()S i 5.13! 

.5 24 

^ i 

1 

' 4,4.^ 1 

2, <W2 

i 3.913 

! 3 494 i ,5 32 j 

5 31 


1 2.(K)0 .... .... 

i 

3,9XK 

; ft. 92.') 

I ft.2ft0 1 r^ .'i.5 1 

5 .55 

4 ' 

1 4.()(K) . . 

9.211 ' 

i ; 

f*. 01^7 

, H, 0M7 

7, 4ft5 ' 6 6S . 

7 05 


On the unliiiHMl ])lol both the surface soil and the subsoil were 
strongly acid, just aliove pll 5. On tliis plot weeds and grasses have 
practically driven out the alfalfa. On the limed plots the pH values 
of the sul)soil, with the exception of plot 4, were approximately the 
same as those of the surface soil, and the pll values rose as the lime 
was increased. 

The yudds of alfalfa hay for the years 1931 to 1933, inclusive, are 
shown (table o) for the ])ur])ose of emphasizing the relation between 
the reaction of the soil and the yield of hay. 

SUMMARY 

An atUunpt has been made to determine the extent to which lime, 
in the carbonate form, applied to the surface soil, works downward 
and (dianges the reaction of the subsoil. 

Tlie soil used in the tests was a Sassafras loam taken from the soil- 
fertility plots of the New Jei*sej" Agricultural Experiment Station. 
CV^rtain of these plots have been limed at 5-year intervals for 25 years; 
others have received no lime. Sam])les representing the top 
indies and corresponding subsoil samples representing the stratum 
from ()?3 inches to about 13 inches were collected and the ])H values 
determined. 

With few exceptions the figures show that the subsoils from the 
unlimed plots gave pll readings only a little higher than the corre¬ 
sponding surface soils. In most cases there was very little 
difference between the plJ values of the surface and subsoil from the 
limed plots. Both the surface and subsoil of these plots gave pH 
readings about to 2 points higher than those of the corresponding 
unlimed plots. 

It is thus established that in the case of this particular soil carbonate 
' of lime used at the rate of 2,000 to 4,000 pounds to the acre over a 
period of 25 years has changed the reaction of the subsoil ( 1)73 to 13 
inches) to about tlie same degree that it has changed the reaction of 
the surface soil. It seems reasonable to conclude, therefore, that in 
general Vhero generous applications of lime arc made on acid soils, 
the acidity of the subsoil will also be gradually corrected. 

o 
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GROWTH AND INJURIOUS EFFECTS OF CRONARTIUM 
RIBICOLA CANKERS ON PINUS MONTICOLA ■ 

By H. G. Laciimund ^ 

Pathologist^ Division of Forest Pathologyf Durenv of Plant Industry^ United States 

Department of Agriculture 

INTRODUCTION 

A knowledge of the rate of canker j^rowtli and development 
constitutes a basic element in the study of Crottarihirn ribtcola 
Fischer on its aecial hosts and is of fundaiuental importance in 
determining the age of infection on Pinu^i monticola Doug, and 
in <‘onsidering the rate of damage. Studies of the growtli and injuri¬ 
ous efre(‘ts of cankers have therefore been an essential ])art of the 
general investigations of the rust on P. moniicoUt as carried out by 
the Portland branch of tlie Division of Forest Pathology since the 
dis(*()very of tlie disease in the native range of this species in the 
western part of North America in 1921 (3). 

In these investigations canker is <lefined as including all stages in 
the development of tlie individual infection, from the appearance of 
tlie first recognizable discoloration tliat marks the first symptoms of 
the disease in the bark. While hyphae are generally present in the 
bark before the a])pearanco of discoloration, the limits of the dis(‘olora- 
tion mark rather definitely the advance of the mycelium (;?, p, 6*^5). 
Measurements of the extent of the visible symptoms are therefore 
sufficient for practical fuirposes. 

METHODS 

("ankers mainly in the younger stages were selected for growth 
measurements so that subsequent development might be followed for 
a number of years. The extremes of length and widtli of the dis¬ 
colored area were marked at the beginning of the growing season with 
white lead,'' a marking material that was found by Rhoads to be 
satisfactory in studies of blister rust canker growth on Pinvn sirobns L 
in 1918 (6*). After marking, measurements of the extensions of the 
discoloration beyond these lines were recorded periodic'ally at the 
end of the growing season in the fall and at the beginning of general 
growth activity the following spring. Only cankers with clearly 
defined limits were considered. 

It was recognized that such factors as the formation of new cankers, 
coalescence of cankers, and gnawing of the infected bark by squirrels 
would render some of the cankers useless for later measurements. 
Therefore additional cankers were marked to provide against this loss, 
and all cankers were labeled at first with only temporary labels. 

1 Ueoeived for publlcjilion Sept. 1*5, issued June, 1934. 

»In the collection of the data on which this paper is based the writer wa.s assisted by C N, FarliiiKton, 
iflulor patholoRlst, and J. L. MIelke, assistant pathologist, Division of Forest Pathology. 

3 Reference i» made by number (italic) to literature Cited, p 5i)2 

* White Duoo was used in some of the later experiments reported here and was found to be a better mark¬ 
ing material than white lead. 
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Those suitable for study were permanently labeled when the first 
measurements were taken. 

Data taken for eacli of the cankers measured were as follows: Place; 
date; tree number; height of tree at time of marking and subsequent 
growth in height; condition of cankers and number on tree; serial 
number of canker and Tocation on tree (i.e., whether on branch or 
trunk); diameter below canker, growth rate, and condition of infected 
branch or trunk; age of internodc on which canker started; length and 
width of cankered area at time of marking; age of canker, as nearly 
as could be determined; subsequent canker growth upward, down¬ 
ward, to left, and to riglit; and general notes on growth of cankers, 
production of fruiting stages, etc. The initial measurements were 
taken for the greatest lengths and widths of the cankers, and the same 
principle was followed for all subsequent measurements. In general, 
the latter fell in line with the first measurements, but frequently an 
irregular extension threw the lines of measurement off the original axes. 

Trees selected in the study were mainly thrifty young sj)ecimens 
ranging between it and 25 feet in height, (.'ankers were marked on 
twigs, branches, and trunks of all diameters from the smallest to the 
largest and of all conditions, from thrifty to suppressed. 

(Jrowth rates established by these measurcjiients were supjjlemented 
by the observed development of the marked cankers and by ohsen a- 
tional analyses of the extent of growth and of the effect of large 
numbers of other cankers of all sizes and ages on all classes and c(a)di- 
tions of trees throughout a much wider range, thus jiroviding the 
basis for the conclusions on injurious effects of canker growth. 

BASIS OF COMPARATIVE STUDIES OF CANKERS IN VARIOUS AREAS 

Although Cronartium ribicola is now' widely distributed throughout 
most of tlie range of VmuH montkula in the Pacific Northwest * (1, 
p. 1), at the time the grow'th studies w'ere begun the n)ain range of 
the disease W'as centered in southwestern British Columbia. There¬ 
fore most of the areas in wdiich measurements were made are hwated 
in this section. The areas wore selected to represent site and climatic 
conditions generally favorable to the grow'th of P. montkola and at 
the. same time to proA'ide a range in these conditions that, would give 
a measure of the effect of site and climate upon canker growth. 
Accordingly some of the areas are situatwl near sea level, where the 
growhig season is relatively long, and others are locatecl at higher 
elevations and more inland points, where the season is materially 
shorter. All are in British (’olumbia. 

The following areas were selected: Chee Kye, near sea level on the 
Cheakaraus River about 50 miles north of Vancouver; Bold Point, 
on Quadra Island, and Thurston Bay, on Sonora Island, both at sea 
level about 110 and 130 miles, respectively, northwest of Vancouver; 
Daisy Lake, at an elevation of 1,300 feet in the Coast Range about 
60 miles north of Vancouver; Mile 72, on the Pacific Great Eastern • 
Railway, at an elevation of 1,300 feet in the Coast Range about 110 
miles north of Vancouver; Revelstoke, at an elevation of 1,500 febt 
OP t ho Columbia River about 250 miles east of Vancouver; and a 

***** IndudM soutbera Sritlab Columbia, Wasbington, Oregon, 
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locality near Arrow Park, at an elevation of 1,700 feet on the Arrow 
Lakes about 60 miles south of Kevelstoke. At the first three places 
powth rates of Finns moniicola are closely comparable to those 
in the optimum ranj?e of the species in northern Idaho and western 
Montana. At the last four places the grgwinf^: season is normally 
1 month to VA niontlis shorter than at the first three places, and 
growth is generally slower. 

At the beginning of the growing season in the sjiring of 1923 about 
100 cankers were marked at each of the above-named places except 
Kevelstoke and Arrow l^irk. The great size of the unopened terri¬ 
tory covered in the investigations during this year made it impossible 
to secure measurements in the fall except at Choc Kye and Thurston 
Bay. Measurements were made in the spring of 1924, a])proximately 
1 year after the marking, at all places except Mile 72, where the trees 
had been destroyed in a forest fire which swept that section in the 
fall of 1923. TnM‘s in the Bold Point area were likewise destroyed by 
fire ill 1924. In the other areas measurements were not attempted 
after the spring of 1924, because of the death of the cankers or com¬ 
plications of th(‘ir growth from various causes. 

At Kevelstoke 74 cankers were marked in the spring of 192S and 
measured in the fall. Those that were not complicated by coalescence 
of (‘ankers, s<|uirrel fiMMling, etc., were remeasuivd in th(* fall of 1929. 
At Arrow Park 13(S cankers were marked in October li)29 and 
measun'd at the start of the growing season in the spring of 1930 
and again at the end of the growing season in the fall. 

A sjiecial study of the growth of trunk cankers was made at Olu'e 
Kye and Daisy Lake on cankers marked in the fall of 192o. Measure- 
mcuits of these were made at Daisy Lake in the spring of 1926 and the 
fall of 1926 and of 1927, and at (lice Kve in the fall of 1926 and 
of 1927. 

Because of the complicating factors (uiumeratt^d, only a part of the 
cankers that ^^('re marki'd remained suitable for measureimmts in 
most of the areas. As already stati'd, the thiw localities—(^lee Kye, 
Bold Point, and Thurston Bay- are repiTsentative in growth char¬ 
acteristics of th(‘ o])timum for Finns moniicola and are similar in gen- 
(‘ral growth (’onditions for the rust. The size and condition of the 
ti’ci's and brancluvs on which the (*ankers w(ue marked were similar 
in all areas. The tiws were thrifty, young, open-grown specimens, 
and the stems bewaring the markc'd cankcu-s were generally in thrifty 
or good condition. As was to be expi'cted, therefore, the individual 
growth performances and general growth averages of the cankers 
at these places were generally comparable, in view of the general 
similarity of these areas, the values for these three are capable of 
combination. 

The measurements made at the same time at Daisy Lake showed a 
much slower growth of cankers than in the three other areas. Canker 
growth was likewise slow^er at Kevelstoke and Arrow Park. But 
while the general site conditions for canker growth of these three 
areas are fairly comparable, differences in the character of tlie cankers 
and of the trees and branches on wliich they occurred make the 
values ^rom them unsuitable for combination, and therefore each 
must be considered separately. 

At Daisy Lake the marked cankers were located primarily on the 
smaller branches that were in only fair or in poor condition, in the 
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lower crowns of rather large trees, or on suppressed smaller trees. 
At Kevelstoke only branch cankers were marked. In general, the 
cankers were older at the time of marking than were those at the other 
places. The affe(*ted branches at Kevelstoke soon entered a stage of 
such rapid decline that .most of them died from the canker outward 
to the tip during the following season. The cankers marked at Arrow 
Park were all branch cankers. In general, these cankem and the 
trees and branches on which they occurred were comparable in size 
and relative thrift with those in the optimum areas. They offer a 
good opportunity, therefore, for comparison with those of the optimum 
areas for canker growtli under contrasting climatic and site condi¬ 
tions. Furtlier comparison of growth under sucli conditions is 
available primarily from the special study of trunk cankers at Daisy 
Lake and Chec Kye from 1925 to 1927. 

GROWTH OF CANKERS 

HATK OF GROWTH IN RELATION TO SIZE AND VIGOR OF STEM 

At tlie beginning of the investigations it was evident from general 
observations of cankers of similar age that the rate of canker growth 
varied decidedly witii the size and, to some degree, with the vigor of 
the affected part. Rhoads, on the basis of growth measurements 
of the rust on Pious strobus in 1918, stated (6*, p. 517): “In general it 
may be said that the growth of the blister rust cankers is in direct 
proportion to the size and vigor of the stems on which they oecur.’^ 
He offered no concrete evidence, however, on the influence of vigor, 
and in his table 1 he has combined brancli, twig, and trunk cankers 
without reference to vigor. What part vigor plays in the values he 
has shown for correlation with size is therefore uncertain. From tlie 
jire.sent study it appears that the factor of size, corresponding with the 
amount of bark tissue available, entirely predominates over that of 
vigor; therefore, Rhoads^ values are probably fairly indicative of the 
size factor. 

In studying the influence of vigor un cankers it was thought best 
in the present work to consider twig and branch cankei’s separatelv 
from trunk cankers, vsince the growth of the trunks and leaders is 
normally more rapid and vigorous than that of the branches. In 
the classification of trunks and leaders, as compared with branches and 
twigs in Pinus montiroldy a further distinction is naturally suggested 
by the characteristic differences in their general habit of growth. 
The trunks are normally straight and erect, whereas the branches 
are horizontal and more or less curved; the internodes of the trunks 
are longer and taper more slowly than those of the branches and the 
nodes of the trunks, are distinctly marked by the regular radially 
whorled arrangement of the branches, whereas on the branches the 
habit of branching is flatter and more irregular and the nodes are 
less distinctly marked. Normally, a trunk of given diameter will be 
considerably younger and more active in growth than a branch of 
equal size. ^ 

Comparisons were made of canker growth in the same place and 
at the same season on trunks and branches of equal size. Provided 
the condition of the branches and trunks was fair or better, no essen¬ 
tial differences between them in growth rate of cankers were evident; 
therefore, the more rapid growth and greater vigor of the trunks was 
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without apparent influence. In this connection it should be stated 
that the bark, which is available for mycelial growth, is slightly thicker 
on the branches than on the trunks, which are younger though of 
equal size. Conditions for canker growth, therefore, were a little 
more favorable on the branches than on thg trunks. On the other 
hand, if this slight difference m bark thickness offsets the difference 
in vigor, it would appear that the influence of the latter wjis, at the 
most, comparatively slight. It was evident, therefore, that vigor 
or lack of vigor would have to be extreme in order to have a material 
infliience upon the growth of the fungus. 

On the other hand, the bulk of the living bark tissues, as indicated 
by the size of the part infected, was clearly the most essential con¬ 
dition of the host for rapid grow th of the canker. 

ANNUAL LONGITUDINAL GROWTH 
Infldknce OF Size of Stems 

The influence of the size of the part infected on canker grow th is 
show'n in table 1, which gives, bv diameter classes of the jiart infected, 
the average annual longitudinal grow'th of branch and trunk cankers 
at Cheo Kye and Thurston Bay and of branch cankers at Bold Point, 
measured in the spring of 1924. Growth rates at (Mice Kye ami 
Thui‘ston Bay were so nearly identical tliat the data for these areas 
are combined. Clinker growth at Bold Point was somewhat more 
rapid, and since the measurements here consist(‘d almost entirdy 
of branch cankers, the values for this area are given separately. 

Table 1. — Average longiludinal grou'fhj Apnl to April of branch and 

trunk caukern at Chee Kye and Thuraton Hay and branch cankera at Bold Jhnni, 
British ('olurnbia 
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“ In addition, nieftaurenient.<! wert) secured on 1 trunk canker, sieni diaineU*r 2 5 inches, canker growth 
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The iucrease in the rate of canker growth wtli size of tlie part 
infected is striking. The curve of growtli rate over size of pari 
infected Is parabolic in form. This is indicated in figure 1, in which 
the Chee Kye and Thurston Bay data of table 1 are plotted. The 
short curve for the growth of branch cankers is so close to the begin¬ 
ning of the much more extended curve for the growth of trunk cankers 
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thsit for all practical purposes it may be regarded as an extension of 
the longer curve. Under the conditions found at Ohee Kye and 
Thurston Bay, from April 192.S to April 1924, which may be con¬ 
sidered fairly representative of the optimum, the growth rate of 
cankers increases very rapidly for the smaller stern-diameter classes, 
attaining an average of 6 to 8 inches a year for stem diameters from 
1 to 2 inches. 

For growth rates at still larger diameters under these conditions, 
it is necessary to consider the measurements of 1926 of the trunk 

cankers from the (Mice 



DIAMCTER OF INFCCTEO STEM (iNCHES) 


Figt’KE 1 Averaj?e longitudinal growth from April 1923 to April 
1924 of ninkors niarked at Chee Kye and Thurston Jlay, Ilritish 
(\)lumbia, in April 1923 


Kye area. The year 
from October 1925 to 
October 1926 covered 
by tliese nieasu re¬ 
in eti tSy w a s com pa r able 
in seasonal conditions 
for canker growth to 
the year from April 
1928* to April 1924, 
covered by the bninch- 
and trunk-canker 
measurements at(^hee 
Kye and Thurston 
Bay. The condition 
of the cankers and the 
class and condition of 
the trees on which they 
occurred were likewise 
coniparnbh^ for the two 
sets of measurements. 
The 192() data at ("hee 
Kye shown in table 2 
therefore constitute a 
natural extension of 
the 1924 data given in 
table 1. 

From table 2 it is 
evident that the in¬ 


crease in grow th rate of cankers tapers off very rapidly in the lar|i:er 
stem-diameter classes. This tendency and tliat of the 192(1 Chee Kye 
data to coincide wdth and extend the 1924 Chee Kye and Thurston 
Bay values are still more evident from figure 2, in wdiicli the curve of 
the 1926 Chee Kye values is given together with the curves of the 
1924 Chee Kye and Thurston Bay data. 


Table 2. —Average longitudinal growth from Ocl. iy25y to Oct. Iff^ 19^6^ of 
trunk cankers marked near Chee Kye^ British Colinnhiat Od. t92B 
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Beyond the 24neh stein-dianieter class the longitudinal growth rate 
of cankers increases very much more slowly, and [)eyond the 4-inch 
or o-inch stem-diameter class it tends to become stabilized or constant. 
In the data under consideration, representing optimum conditions, 
the maximum or constant rate of canker growth averages between 
9 and 10 inches a year. 

TNFn;E>r<’E OF ViooK OF Stems 

The relative condition of the branches and trunks on which the 
cankers forming the basis for tables 1 and 2 and figures 1 and 2 
occurred was characterized as poor, fair, good, and thrifty. In the 
main, th(‘ condition was either good or thrifty. Since no differences 
in growth rate attriliutable to differences in thrift were evident 
bidween branch cankers and trunk cankers, an effort was made to 



diameter of infected stem (inches) 

Fk.i'KK 2 irrowUi of Crmturtium rihicoUi on Hivux monttcola. unfU»r ojitiinuiii condi- 

lioui? Ill Chee Kyo tuid Thurhlon Ba>, Hiitish (^>lumbia. 

establish as far as possible the extent of the influence of this factor 
by comparison of these cankers accordinjj to the vigor classification 
of the trunks or branches. These classifications were based on the 
growth rate and apparent condition of the branch or trunk during 
the year from time of marking to time of measurement. Each canker 
occiirring on a stem that at the time of measurement was classified as 
poor or fair was paired with the nearest listed canker of most nearly 
comparable stem diameter, in the same area and year of measurement, 
occurring on a stem classified as thrifty. No canker was used twice. 
In case a canker in the thrifty-stern classification was not available 
for comparison, the nearest canker occurring on a stem classified as 
goo(l was used. The longitudinal growth of those mathematically 
paired cankers is compared in table 3. The values do not indicate 
that differonce.s in the vigor of the stems had any influence on the 
growth* rates of the cankers. The averages are practically identical. 
The only decided influence is that of size of the part infected. 
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Ta^le 3. —Comparison of longitudinal growth of cankers on stems in poor or fair 
condition unth that of cankers on stems of similar size but in thrifty or good con- 
dition at Chee Kye and Thurston Bay^ British Columbia 
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Evidently, under ordinary conditions these vigor chissilications do 
not sufficiently segregate the extremes in vigor and weakness neces¬ 
sary to exert any marked influence on canker growth. It was 
ohserved, however, that great vigor, ns in the case of young, veiy 
fast-growing loaders and shoots, did have a noticeably stimulating 
effect on the rate of canker growth. 

Moreover, it was evident from the data from Kevelstoke that 
extreme lack of vigor exerts a decidedly retarding inlluence on canker 
growth. The cankers at Revelstoke were marked in April 1928 and 
measured the last of September 1928 and again at the beginning of 
October 1929. During the growing season of 1928, covered by the 
first measurements, the branches on which the cankers occurred were 
generally in fair condition. During 1929 a large number of the 
branches were partially or completely killed by tlie cankers, and the 
vigor of the remaining briuiches was greatly reduced. On these 
latter branches, the average diameter of wliich was 0.44 inch, the 
average longitudinal growth for 24 cankers was 2.99 inches from April 
22 to September 23, 1928, and 3.14 inches from September 1928, 
to October 8, 1929. ? ' 

These values show that the growth for tlie growing season from 
April to September 1928, during wliich the affected branches were in 
relatively fair condition, almost equaled the growth for the entire 
year from September 1928 to October 1929. Naturally, growth 
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during the winter or dormant season is much slower than during fhe 
growing season. Nevertheless, it represents a considerable fraction 
of the total annual growth. This aspect Mill be discussed in the 
stu’tion on winter growth. It is evident, tlierefore, that the growth 
of tliese cankers for the growing season of 1929, during which the 
vigor of the affected branches was nearly exhausted, must have been 
considerably below that for the growing season of 192K. There were 
no differences in climatic c.onditions betw^een the two seasons to cause 
this difference in grow th. Therefore, the reduced grow tli rate of the 
cankers during 1929 can be explained only on the basis of their ex¬ 
tremely reduced vigor in that year. The measurements at Revel- 
stoko afforded the only concrete 
evidence secured in the present 
study that vigor had any material 
('ffect on the growth of th(' cankers. 

Infi.uence of Site and Cumate 

There seems to be a close correla¬ 
tion between regional site conditions 
and the rate of canker growth. 

Even when seasonal climatic differ¬ 
ences witlvin a given region are 
slight, the differences in canker 

S 'owlli are frequently marked. 

uring tlic year 1923-24 the sea¬ 
sonal differences at Bold I’oint, 

('liee Kye, and Thurston Bay were 
too insignificant to become appar¬ 
ent, through general observations. 

All tlies<' points lie at low elevations 
(“lose to the Strait of (h'orgia and 
arc within the same climatic Iw'lt. 

However, a comjiarison of canker 
growth at Bold Point with that at 
(’he(> Kye and at Thurston Ba,y 
(table 1 and fig. 3) shows that in 
general the growth of the Bold Point cankers averaged almost 
one half inch more for the year than that of the cankers in similar 
stem-diameter classes at Chee Kye and Thurston Bay. 

Where the difference in climatie and environmental conditions is 
greater, the difference in canker-growth rates is striking. This is 
shown by comparing the growth averages of the cankers measured 
at Djiisy Lake, which has a shorter growing season (table 4), with 
those of the cankers measured during the same periods at Chee Kye 
tmd Thurston Bay (tables 1 and 2). In figure 4 these data are 
compared graphically. 



c 
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oL 

OIAMCTCR OFfNrCCTtD stem (iNCHts) 
Fri.l’KE 3 (’oiTJi)arisori of jear's lontiirudinal 
growth of cankers al C'hee Kye and Thurston 
Bay w ith cjinkers at Bold T‘nint,for the period 
from April 1923 to April 1924 
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Table 4. —Average longitudinal growth of branch cankers from, April 1923 to April 
1^24 find of trunk cankers from October 1925 to October 1026^ at Daisy Lake, 
British Columbia 



Branch cankers marked Apr. 
10-16, 1923, measured Apr. 
19,1924 

Trunk cankers marked Oct. 
31,1925; measured Oct. 16,1926 

Stem-diameter class (inches) 







Number 

Average 

branch 

diameter 

(’banker 

growth 

Number 

Average 

trunk 

diameter 

Canker 

growth 




Inches 

! Inches 


Inches 

Inches 

01 .. , . - - 

38 

0 134 

1 1.83 




0 2-0.:i—. 

37 

. 210 

! 2.28 

- - 



0 4-0./). . 

1 

.500 

3.70 



_ - 

o.fr- 1.0 __ _ 

1.1-15... 


' - -- 


a 2 

1 

6 70 

1 20 

4.25 
4.40 

1 0-2.0.. 

- 

. 


2 

1.75 

5 35 

2.1-2 5... 

.^ 



2 1 

2.30 

5.55 

2.0 3.0 .-.- 


1. 


0 1 

2.83 1 

5 tKl 

3 1-4 0... 


1 


12 1 

3 08 

5.93 

4.1-5 0 . . ... 




0 I 

4 77 

0 85 

5.1-0.0--.-__ 




i 

5.75 

0.80 

6.1-7 0.- . 

— 

i_ 

- 

1 

0.10 

0 00 


« Marked April 1923; measured April 1924. 


Although the growth rates at Daisy Lake were unifonnly iniicti 
below those in the optiinmn areas, figure 4 sliows a similarity in the 





PiGURK 4 “Comparison of year's longitudinal canker'growth rates at Daisy Lake with those at Chee 

Kye and Thurston Bay. 

general form of the curves for the two sets of data. Under conditions 
represented at Daisj liake, canker growth increased rapi<9y from a 
rate of less than 2 inch^ per year for cankers in the 0.1-inch stem- 
diameter class to over 5 inches per year for those with stem diameters 
of between 1.6 and 2.0 inches. Beyond such diameters the curve of 
growth rapidly levels off and attains a maximum average of between 
6 and 7 inches per year at stem diameters beyond 4 or 5 inch^. In 
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the optimum areas, on the other hand, the rate inci‘eases rapidly from 
about 4 inches per year in tlie 0.2- to 0.3-inch stem-diameter class 
to about 8 inches per year at a stem diameter of about 2 inches. 
Beyond diameters of 4 or 5 inches the curve of growth levels off to a 
maximum of between 9 and 10 inches per year. 

The similarity in the general climatic ’conditions of Revelstoke, 
Arrow Park, and Daisy Lake results in a similarity of canker growth 
at all three stations. But since only branch cankers were measured 
at Revelstoke and Arrow Park, no comparison is available in the 
lai’ger stem-diameter classes; and, as stated previously, the cankers 
measured at Revelstoke were older than those measured elsewhere 
and the branches on which they occurred were exceptionally low in 
vigor, whereas the caukeis measured at Arrow Park and the branches on 
which they occurred 
weredecidedly thrifty; 
the branches on which 
cankers were meas¬ 
ured at Daisy Lake, 
on the other hand, 
were generally in only 
fair condition. Fur¬ 
thermore, a different 
annual-growth period 
was covered at each 
of the three places. 

(’onse<iuently, the re¬ 
lationships betw'cen 
these areas aie some¬ 
what obscure. Never¬ 
theless they afford 
some significant com¬ 
parisons with the 
other data. 

The longitudinal 
growth values for the 
cankers of Revelstoke, 

Arrow Park, Daisy 
Lake, Cbee Kye and 
Thurston Bay, and 
Bold Point are given in table 5. Figui-e a gives the grow th curves 
for all the areas, covering the diameter classes in which all may be 
eompared. The relative thrift conditions of the bnmehes at Arn)w 
Park were entirely comparable with those of Chee Kye and Thureton 
Bay and those of Bold Point, that is, the branches in each area w'ere 
generally thrifty for the site conditions represented. The values and 
curves for Arrow Park, therefore, may be compared with those of the 
optimum areas to showr further evidence of the influence of climate 
and general site conditions on canker growth. This comparison shows 
.that despite the highly vigorous condition of the affected branches, 
growth—as in the case of the cankers at Daisy Lake—is decidedl}' 
slower than in the optimum areas. 



Fj<ii)RE 5. -Conipanson of >ear’s longitudinal canker-growth rates in 
all arefis. 
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Table 5. —Average annual longitudinal growth of marked cankers in various 

localities 



Revelstoke 

Arrow Park 




Chee Kye and 
Thurston Bay 

Bold Point 


(Sept. 23,1928, to 

(Oct. 11, 1929. to 

Daisy Lake i 

(April 1923 to 


Oct 8, 1929) 

Sept. 21,1930) 




April 1924) 

Stein-diameter 
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a 
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a 
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©•s 
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1 
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S 

k 

§ 

C 

k , 

i 
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OS 

a 

flO 


§ 

a 

ce 


u 


O 

U 

< \ 

1 

U 

u 


U 

U 


.‘I 


< 

O 


No 

In 

In 

No 

In. 

In 

No. 

In. 

In. 

No. 

In. 

In. 

1 

No. 

In. \ 

In. 

0 1 . 




7 

0 10 

2 41 

“38 

0 1.34 

1 8;i 







0.2-0 3. ... 

7 

0 29 

2.91 

112 

.23 

2 81 

-37 

. 216 

2.28 

'-20 

0 27 

4.12 

10 

0 ^ i 

3 93 

0.4-0 5 .... 

13 

.44 

2 97 

16 

.44 

3.49 


50 

3 70 

m 

.43 

4.52 

15 i 

.47 

5.13 

0.6-1 0 . 

4 

.73 

4.08 

2 

.65 

3.50 

«2 

.70 

4 25 

‘*9 

.69 

5.62 

27 ! 

.73 

6 39 

1.1-1.5 .. 




1 

1.20 

5.70 

•1 

1.20 

4 40 1 

M 

1.33 

6 20 

5 1 

1 32 

7 20 

3.6-2 0 







f 2 

1 75 i 

5 35 

68 ; 

1.76 

7 50 



. 

2.1-2 5. 







c2 

2 30 

5 55 



" 

2.6-3.0.- 







'6 

2.83 

5.60 

rflO 

}2.88 

3 56 

8 30 




3.1-4.0..-. 







M2 

3.68 

5.93 

8.98 


j 

1 


4.1-5,0---.- . 



.! 




<^6 

4 77 

6 85 

rffj 

4.60 

10.15 

j 

..J 


5.1-6 0 .. . 



! 




f 2 

5 75 

6.80 

n 

*‘3 

i 5 33 

8 37 


1 


6 1-7 0 _ 



■| 





6 10 

6 60 

6.47 

8 83 

j 



7.1-8 0 . 



i 


! i 

. 1 

<< 1 

t 7 90 

9 10 




11 1-12.0... 



L-. ! 


1.1. 

...I 

_1 

1. 

... 

111.SO 

9 50 

" i 

-i 







i.1. 

i I 

! 


1 



« April 1923 to April 1924 

h Chee Kye and Thurston Bay (April 1923 to April 1924). 

()ctol)er 1925 to October 1926. 

^ Chee Kye (October 1925 to October 1926). 

In connection witii the general application of the results reported 
here the difference shown between the Arrow Park values and those of 
the optimum areas is imphrtant. The Arrow Park area is situated 
on the western edge of the northward extension of the main comim r- 
cial range of Pi mm monticola in the “ Inland Empire ” section of north¬ 
ern Idaho and adjacent Washington and Montana. The general site 
and climatic conditions for P. nwnticola in this area are more tyj)ical 
of the main range than are those in the optimum areas.® In the main 
range of the pine, therefore, the rates of canker growth may be ex¬ 
pected to fall between that at Arrow Park and the optimum and to be 
probably somewhat closer to the former than to the latter. 

The growth rates at Rcvelstoke (fig. 5) are, among the slowest shown. 
In this case, however, as has already been shown, the growth of the 
cankers was materially retarded by the extreme lack of vigor of the 
affected branches. 


Winter Growth 

As previously stated, canker growth during the winter, or dormant 
season, is much slower than during the growing season. In the present 
studies the growing season is defined as the 6 months following the 
beginning of general growth activity in the spring, and the winter 
season as the remaining 6 months of the year. Measurements of the 


* Tb« fact that the main commercial range does not include all optimum growth of Pinus montkola will 
undoubte^y seem strange. The reason for this appears primarily to that in the coastal region of the 
range of the pine—that is, in the country surrounding the Strait of Georgia and southward, which presents 
optimum conditions for this species and includes the optimum areas of the present study—the conditions are 
particularly favorable lor its principal bark beetle, Dendroetonut montieolM Hopk. Between diameters, 
at breast ^ight, of about XO to 20 inches, the pine appears to be especially susceptible to the attacks of this 
beetle whioh^eemmtes the stand to a very small and scattered representation at maturity. This has been 
a eommen oftscryatlon of western entomologists. The relationmip was first points out to the writer in 
1090 by Balph Mopping, Dominion entomologist, at Vernon, Britlw Columbia. 
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winter growth of cankers were secured at Chee Kye and Thurston 
Bay in 1924, at Daisy Lake in 1926, and at Arrow Park in 1930. 
Tliese data, together with those on annual growth for the same cankers 
are given in table 6. The periods covered in the measurements of 
winter growth wore October 8, 1923, to April 17, 1924, at Chee Kye; 
October 19,1923, to April 8,1924, at Thurston Bay; October 31,1925, 
to April 15, 1926, at Daisy Lake; and October 9 to 11, 1929, to May 
6, 1930, at Arrow Park. 

Table 0. —Average annual and winter longitudinal growth of cankers at various 

localities 


Cheo Kyo and Thurston 
Bay 


Daisy T/ake 


Arrow Park 


Bt^'in-dmiiieter 
class (inches) 


i 

i Vi CD 



(*ankftr firowth 


,m"ij "'luttr ll 


Cariker growlh 


Arp I 
niia) ' 


Winter I c 


I 22 


Canker growth 


An¬ 

nual 


Winter 



1 ! 

i.vo. 1 

/« 

Jn 

In 

'■ Pet " |Ao 

In 1 Jn ' In 

, 1 ■ 

' /Vf ^ LVo 

fn 

In ' 

(11. 

1 . . 




! - 


' 7 

0 10 

2.41 j 

(12-0.1 . 

’ 20 ! 

0 28 

4 12 

0 68 

' 16 .>1 

J 

! 112 

.23 

2 8| ' 

0 4-0 7) . 

-|♦>2l I 

.40 

4 fiO 

, fvM, 18.7 i - - 


. .i 10 

:44 

3 49 ! 

0 6-10 .. . 

! y: 

60 

,') 62 

94 

1 16.7 ! - 

1 - 1 - 

' . J 2 

65 

3 .50 ! 

l.l-l 5 . 

J 4 i 

1 83 

fi 20 

.98 

ij; B i 1 

1 20 1 4 10 ; 0 9 

, 20 5 1 1 

1 20 

5 70 1 

1 6-2.0. 

J 8 i 

1 76 

7 50 

1 08 

1 14 4 1 2 

1.75 5 35 1 1 0 

IS 7 ! . . 



2D2 5 .. 






2 30 i 5 55 i .8 

i 14 4 , . 


i 

2 6:10 


2 IK) 

8 45 

1.2() 

. i4 2 * 6 

2 S3 ' 5 60 ! 05 

1 11.0 .... 



;i 1-4 0 . . . 

L -1 

t 


.. 

. .1 12 

3 68 i 5 93 1 90 

’ 15 2 j ... 



4 l~f» 0 . 

-1 ' 

.. 



! - . J 5 

4.70 ; 0 42 ! 1.22 

, 19 0 ' ... 



6 160. . . 

!- 1 

. . -1 



i - ..i 2 

5 75 ; 0 80 ! 85 

' 12 5 ' . 



6 L7,0 . 

J 

. J 

_ ^ 



6 10 ' 0. GO 1 00 

' 9.1 ' 



Totiil or av. 

J "m'I 

.72 1 

5 14 

.85 

IG 5 1 31 1 

3 01 ' 5 91 I .89 

! 151 |i;i8 

26 ' 

2 90 1 


j_ J_ _ 


hi I Pet n 
0 40 ' Ifi r. 
. 46 I 10 4 
. 7;i I 20 0 


.w 

L30 


1.*) 7 
22.8 




.r)0 i 17.2 


« Winter growth CAjiressed as fieroenlugc of annual grow th. 

^ 1 canker given in table 5 not included for lack of separate winter grow th uieasurements. 


The winter growth averages about 15 to 17 percent of the annual 
growth, and about 18 to 20 percent, or about one sixth to one fifth, 
of that made during the growing season. There was considerable 
variation in the winter and the summer growth of individual cankers, 
although the total or annual growth values in these cases were fairly 
close to the averages. Tlus fact indicates a rather wide variation in 
the periods of main growth activity for individual cankers, as was 
brought out by Rhoads’ studies in Pinus strobus in 1918 (d, p. 517). 


Upward and Downward Growth 

Tltfoujechout the present studies, measurements were taken of the 
longitudinal extensions of the cankers in both directions, that is, 
upward, or against the sap stream in the bark of the branch or trunk, 
and downward, or with the sap stream. The measurements generallv 
showed a greater growth downward than upward. The same tend- 
, ency was noted on Pinus strobus by Rhoads in 1918 {6, p. 516). 
Downward and upward growth averages for the mein canker groups 
in the present study are given in table 7. 
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Tai^lb 7 .—Average annual downward and upward growth of cankers in various 

localities 








Canker growth 




Year of 


Aver- 

1 


Downward 

Locality 

Type of 
cankers 

j 

meas¬ 

ure¬ 

ment 

Can¬ 

kers 

age 

stem 

diame¬ 

ter 

1 

Aver¬ 

age 

total 

1 

Aver¬ 

age 

upward 

Aver¬ 

age 

Propor¬ 
tion of 
total 
growth 

1. 

Suiie- 
[ riority 
over 
upward 
growth 




Number 

Inches 

Inches 

Inches 

Inches 

Percent 

Percent 

Bold Point. 

Branch- 

1924 i 

67 

0 63 

a 70 

2.71 

2 OH 

62 4 

10 0 

Chee Kye ami Thurston 

do_ 

1924 j 

47 

.30 

4 48 i 

2.06 

2 43 

64 3 

18 0 

Bay. 


1 




1 




Do. 

Trunk _ _., 

1024 1 

10 

1.67 

6.88 ! 

3.31 

3.67 

61.0 

7 0 

Daisy Tdike. 

Branch . , 

1024 

76 

.IH 

2 08 ! 

80 

1 10 

.67 2 

33 6 

Do . 

Trunk. 

102« 

32 

3.64 

6 01 1 

3 03 

2.08 

40. 6 

•»2 0 

Chee Kye,-. 

do .. .. 

1026 

26 

4 77 

8 07 1 

4.48 : 

4 40 

60 0 

1 2 

Revelstoke,-. 

Branch.... 

1020 j 

24 

.44 

314; 

1.28 i 

1 86 

60. 1 

! 44 5 

Arrow Park. 

- do. 

1030 ! 

138 

.2fl 

2 00 1 

1.37 

1 63 

62 8 

12 I 

Total.- 

. 


410 

1 J 

1 -- ’ 

1 ! 


1 


* ! 

1 " ’ i 

i 

1 


* inferiority. 

The superiority of downward {irowth over upward growtli appears 
to be very largely due to the size of the part infceted, sinec downward 
growth runs into greater stein diameters, whereas ujiward growth 
runs into smaller diameters. As might be expected on this basis, 
the difference between downward and upward growth is generally 
greater on the twigs and branches than on the trunks, since relative 
taper is normally more' rapid in the twigs and brani'hes than in the 
trunks. Furthermore, the influence of the difference in diameters at 
the lower and upper ends of the canker is accentuated in the branches 
because of the fact that the branches fall in tfte smaller diameter 
classes where differences in stem diameter have the greatest effect 
on canker growth. The difference between downward and upward 
growth is particularly marked in theVase of the Daisy Lake branch 
cankers, where growth of the affected branches was .slower and taper 
was more rapid than nonually. The difference was still more marked 
in the Revelstoke branch cankers, which, being older and therefore 
relatively longer than the average, extended over greater lengths of' 
the branches and thereby increased the differences in stem diameter 
at the lower and upper ends of the cankers, from which growth was 
measured. 

In addition to the influence of differences in diameter, the superior¬ 
ity in downward groyrth may be partly accounted for on the hypothesis 
that downward growth of the mycelium is aided by the downward 
flow of sap in-the bark. There was, however, no means of checking 
such an assumption. 

While downward ^owth was generally greater than upward growth, 
there were frequent individual exceptions to this rule, and sometimes 
upward growth was very decidedly greater than downward growth.* 
It was frequently observed that longitudinal growth in both directions 
was ohjscked for a time at the nodes, particularly where branching 
wii(S%ea'yy and the nodes were enlarged and swotfen. In most cases 
wtiere th# upward growth was the greater, the downward growth had 
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been retarded from this cause. In some cases, however, where such 
an explanation was not applicable, tbe cause of the excess in upward 
growth could not be determined. 

LATERAL OR GIROLING GROWTH 

Equally as important as longitudinal gnJwth, or even more impor¬ 
tant, is the growth of the canker laterally, since it is through growth 
in this direction that the stem is finally girdled and killed. Measure¬ 
ments on su<*h growth were secured wherever possible in all cankers 
studied. In the (*ase of the cankers which were marked on the 
branches, the infection had generally completely surrounded the 
stem at the time of inarking. Therefore trunk cankers, and mainly 
the larger ones, provided the chief basis for measurements of lateral 
growth. The data secured for annxial growth in this direction w’ere 
practically confined to the 1926 trunk-canker measurements at Chee 
Kve and Thurston Bay and at Daisy Lake. Table S gives annual 
longitudinal and lateral growth averages of all cankers on which 
comphde measurements of both longitudinal and lateral growth were 
secured. No didVrence was noted, or expected, in the average rates 
of extension to the right and left, and the values are therefore com¬ 
bined in table 8. 

Table 8. "Average anrtual growth of cankers at Chee Kyc and Daisy LakCf British 

Columbia 
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finches) i 

; ('aii- 
1 kers 

age 

stein 

diamc- 

(’anker grow til j 

■ 1 ! 

A ver- 
age 
stem 
diHine- 

Cai 

Long!- 

, 

ler 

liKliimlj 

! ' 

Per- j 

ter 

.... 

tudmal 

‘ mhf r 

1 6 2 (1 

Inches 

Inches 

Inches 

cent * [Xumhrr 

Inchis 

1 (K) 

Inches 

5 50 

2 1 2 5 

1 - 



.! 2 

2 ;jo 

5 55 

2 6 .1 9 2 

2 S5 i 

K 15 

2. 

80 7 ; 5 

i 2 84 

5 .54 

8.110 1 9; 

; 8 60 I 

8 88 

8 21 

86 1 i 12 

1 8.68 

5 93 

4 15 0. 1 * ! 

' 4 tK) ! 

9 45 

3.48 

36 8 ; 6 

4.77 

6 85 

5.1-6 0 - 1 8 

1 5 83 ! 

8 87 

8 67 

48 8 1 2 

! 5 75 1 

1 6,80 

6170 ' 2 

, 6 60 

8.70 

8.65 

42 0 1 1 

j 6 10 

1 6 60 

11 1-12 0 . 1 1 

1 11 80 

9, ,50 

8.70 

5 

|- -- 

i — : 

T(»tal or ii\ erogc > 21 

1 i 

1 4 (14 

1 ^ 

8.86 

3 88 

1 

87 6 j 29 

! S S2 

1 ■ 1 

' 6. 10 1 
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2 00 
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8S 7 
45 5 
44 0 

87 2 
8 \) 0 
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« Lateral growth expressed tis pt*rcontage of longitudinal growth. 


The data in tabic 8 show that lateral growth is decidedly slower 
than longitudinal growth. In general, it amounts to about 40 percent 
of the longitudinal growth. In these proportions lateral growth 
appears to show about the same variations as longitudinal growth 
with respect to all the influences aflFecting the latter. 

One rather singular exception to the general relations between 
Jateral and longitudinal growth is exhibited in the earliest stages of 
the young canker, particularly on the larger stems. For perhaps the 
first ^ or 3 weeks following the appearance of tire canker, the dis¬ 
coloration advances so much more rapidly laterally than longitudi¬ 
nally t^t in this stage the initial discoloration assumes an oval shape, 
having tbp long diameter at right angles to the longitudinal axis of 
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the stem. Later the longitudinal growth is accelerated to its normal 
rate and the discoloration assumes its characteristic shape, that is, 
an oval ha\ang the long diameter parallel with the longitudinal axis 
of the stem. This phenomenon would he an interesting subject for 
physiological study. 

The foregoing data have dealt almost entirely with averages. In 
some cases the variations from these averages were rather wide, but 
in general the individual measurements were fairly close to the aver¬ 
ages. Because of this fact and in view of the consistent relations 
shown by data from different localities and sets of cankers, despite 
the frequently small bases, a statistical presentation of means and 
deviations is not considered necessary. 

AREAS OP PRODUCTION OF FRUITING STAGES 

In connection with the growth measurements, observations were 
made on the extent and extension of the areas of the canker surface 
bearing aocia and pycnia. In general, the jiycnial zone extends longi¬ 
tudinally to within one half to 3 inches and laterally to within one 
fourth to 1 inch of the outer limits of the discoloration, depiuiding 
on the size of the canker and the time of year it is observed. The 
differences are naturally smaller on the smaller, slower growing ca nkers. 
As might be expected, the differences are generally greatest just before 
pycnia formation begins in summer, for from the beginning of canker 
growth in the spring the discoloration has been extending while 
pycnial activity has been quiescent. Thus, the differences are gen¬ 
erally least at the height of pycnial actiWty. 

Aecia are produced in the spring on the area which produced pycnia 
the preceding year. Part of this area may have proouced pycnia for 
the first time 2 or 3 years earlier, and aecia for the first time 1 or 2 
years earlier. The jiroduction of aecia from the same bark for 2 suc¬ 
cessive yeai’s is the usual occurrence in western white pine. On large 
stems it frequently occurs for 3 years in succes.sion, and sometimes 
for 4 years or even more. 

In this latter respect the rust considerably exceeds its performance 
described for Finns strobus (6, p. 5to; 7,.p. 29), probably because of 
the thicker bark and greater food supply for the fungus in P. montic- 
ola. The aecial zone on P. monticnla generally extends fairly close, 
to the limits of the preceding year's pycnial zone and may coincide 
with it. Rhoads (6‘, p. 515) has recorded the production of aecia in 
the discolored area beyond the limits of the pycnial zone on P. strobus. 
The writer does not recollect having observed such an occurrence on 
P. moniicola. Very frequently in this species, particularly when the 
canker is young and pycnia were produced for the first time the 
preceding year, aeciii are not produced at all on the preo.eding year’s 
pycnial zone, and sometimes the canker may; have produced pycnia 
for 2 years or even more without producing aecia. Normally, however, 
when the aecia are not produced in the year following that in which 
the canker bears its first pycnia, they are produced the next spring {5). 
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INJURIOUS EFFECTS OF CANKERS 

RELATION TO CANKER GROWTH 

Most of the serious injury and killing result from mycelial activity 
on the trunk so far down from the ti}) that the death of a large section 
of the top or of the entire tree ensues. Al such points the girdling 
powth is of (*hief im})ortanee. The higher on the trunk the infection 
is located, the greater importance downward growth assumes. 

The rust infects its aecial hosts through the needles (/). Tn Pinufi 
monilcoUi needles are generally present only on the last few internodes 
of the trunk and branches. In its relation to injury, tluTefore, the 
infection of the trunk directly through the needles is relatively un¬ 
important. Infection of the trunk occurs to some extent also through 
short shoots, the so-called “kurtztriehe'’ (S, />. SS), hut although 
these are not uncommon in /^ rnonlicolOf their insignificance in relation 
to the. whole crown makes them comparatively unim])ortant as a 
source of infection. The effect of the fungus on its host depends to a 
large degree on the specific portion of the (Town in which it grows. 
Serious injury and finally death are caused by eliminating from the 
life processes of the tree so larg(‘ a part of the crown as to make further 
functioning impossible. The invasion of the trunk at a point at which 
the resulting girdling must end in the killing of a consiclerahle part of 
the crown is ac(‘omplished through the centripetal growth of the 
mycelium downward from the point of infection in the branch (7, j?, 
2S). In the branches, therefore, the dowmwuird grow th of the canker 
is of first im])ortance and lateral grow th is ndatively unimportant, as 
far as the life of the tree is ('onceriUHl. 

An exc(»ption to this general rule occurs in Pltnis ntontlcola when 
the infection is .so heavy and the branch cankers are so numerous as 
to seriously damage or kill the tree through killing the braiudies. 
Such inf('(*tion and killing are relatively uncommon, howevcT, and 
are usually restricted to tret's immediately adjacent to the infecting 
Hibes plants or close to filbes (‘oncentrations, particularly when the 
species involved are of high susceptibility. Where large numbers of 
highly susceptible bushes occur in the stand, such killing of pines may 
become general in trees up to large pole size. Larger trees are less 
susceptible to killing in this manner, and in overmature veterans it 
has not been observed to occur at all. VetiTan trees are found in 
many of the centers of oldest and heavmst infection in Britisli C\)lum- 
bia. These tree^ have pcTsisted through infection which has already 
wiped out the younger trees beneath them, and apparently the only 
manner in which such trees are killed or seriously injured is by spread 
of the fungus down the branches and into the bole. 

The average rates of lateral and downward grow ths of cankers are 
compared in table 9 , in which the (liee Kye and Thurston Bay canker 
measurements of 1924 and 1926 represent the optimum, and the Daisy 
Lake canker measurements of 1924 and 192 () represent slow er grow ing 
conditions. These data arc shown as curves in figure 6. 


62337 — 34—2 
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Table 9 —Average annual downward and lateral canker growth rates as rtpresented 
by mea^uietmnth in 19^4 typical areas in British Columbra 



Tabic 0 and fijjuio i) show that the avciaj^c<H ol do\inv\aid ^l(>^^th 
in the optimum areas ranj?e lioin a inimmiim ol about 2 inebes a >ear 



DIAMETER OF INFECTED STEM (iNCHES) 

J? 101 KF 6 year s dow n ward and lateral gro>^ i b rates of t anK ers 

in the smallest diameter classes to a maximum of about 5 mebes a year 
m the largest diameter classes In the slower growung areas, the aver¬ 
ages range from a minimum of about 1 inch per year to a maximum of 
about 3 5 inches per«year. 

Lateral-growth values are confined primarily to diameters ranging 
betAveen 2 5 and 7 inches for the optimum areas and betw^een 2 and 0 
inches for the aieas of slower growth. Within these diameter limits 
the growth averages range in the former areas from about 3 to between 
3.5 and 4 inches a year, and in the latter from about 2.3 inches to 
between 2.5 and 3 inches a year. 

Figure 6 shows that the curves for downward growth have the same 
genei^al form as those for total longitudinal growth (figs 2 and 4) In 
the smaller diameter classes the averages rise sharply to nearly 4 
inches per year for diameters of 2 inches in the optimum areas end 
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to over 2 inches per year for diameters of 1 inch in the slower growing 
areas. Beyond these diameters they rise more slowly and level off 
to a more or less constant maximum of about o inches a year for 
diameters above 6 inches in the former areas and to a maximum of 
around 3.5 inches per year for diameters abt>ve 5 inches in the latter 
areas. 

No data exist for lateral growth rates in the smaller diameters. 
The curves for lateral growth tend to assume, in the sections in which 
they may be compared with the curves for longitudinal growth, a 
form similar to the curves for downward growth, and it is probable 
that an extension of them on this basis into the smaller diameter 
classes would fairly accurately represent actual lateral growth values 
for these classes. 

Since the distance to be covered peripherally is short in the smaller 
twigs and branches, these are girdled very rapidly. In twigs and 
branches having diameters approaching 1 inch, girdling generally 
occurs within a year after the canker makes its appearance. Beyond 
this diameter the time required for girdling is longer. In stems over 
3 inches in diameter, the number of years required for girdling is in 
general roughly equal to the number of inches of diameter. 

In the smallest twigs the portion of the twig beyond the canker is 
usually killed within 1 or 2 years following girdliiig, or within 2 or 3 
years following the a])])earance of the canker in this class of steins. 
Tlie death of the portion of the stein beyond the canker is termed 
^‘llag formation” because of the conspicuous red-brown color of the 
<lead foliage of the affected part. In the intermediate branches and 
smalh'r trunks, this killing of the jiart beyond the canker, or flag for¬ 
mation, usually oc(‘urs within 2 or 3 years following girdling, but in 
some (*ases it may recjuire as much as 4 years or more. Jn the larger 
trunks it generally (occurs within I to 3 years. The greater weaken¬ 
ing which occurs during the longer period re(juired for girdling large 
trunks accounts for the greater rapidity with whi(‘h death follows 
such girdling. 

Death of the stem below the canker does not occur at the same time 
as the death of the portion beyond, except where the canker is located 
so far down as to kill the entire branch, or the entire tree in the case 
of infection on the trunk. Where the stem below the canker is not 
killed, downward growth of the fungus continues for an indefinite 
period depending on the number, thrift, and disposition of the feeding 
t)ranches below, with further die-back following irregularly behind its 
downward advance. If the branches below are sufficiently numerous, 
vigorous, and closely disposed, the fungus will continue its downward 
gT‘owth until, in the case of infection on the branches, it reaches the 
bole; or until, in the case of infection of the trunk, it kills the tree. 

Wliere the lower limits of the canker have progressed for a con¬ 
siderable distance down an internode, it is a common occurrence for 
the die-back to include the upper portion of the internode. The 
lower portion with the living remains of the canker at its upper end 

thus left without any source of food supply from above. In these 
cases, despite this condition, the lower portion of the internode 
regularl;^ remains alive for some time, pennitting the fungus to 
continue its spread toward the region of the living branches in the 
next whorl below. 
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Investigations not yet reported, in which cankered branches were 
cut off with a knife near the lower limits of the canker, and uncankered 
branches were cut to form similar uninfected stubs, suggested that 
the presence of the infection at the end of the stub had the effect of 
stimulating a reversal of flow of the elaborated food materials. The 
cankered stubs remained alive, and downward growth of the infection 
on them continued for periods ranging up to several years, while the 
uncankered stubs almost invariably died within a few months. 

In flag formation there frequently appears to be a partial decline 
of the stem for some distance below the canker, and the portion of the 
internode remaining below the die-back usually does not continue to 
live as long as did the cankered stubs. It generally remains alive for 
a full growing season, however, and commonly for as much as 2 years. 

Despite the factors favoring its downward progress, the canker 
very often encounters an internode over which it is unable to i)ass, 
and the infection dies out. This is a particularly fre(|uent occurrence 
in the smaller trunks or in the tops of the larger trees. The inter¬ 
nodes of the trunks are normally longer than elsewhere in the tree, 
and where the diameter is small enough for girdling to occur within a 
few years, the fungus is unable to make sufficient downward progress, 
by the time the portion of the leader above the point of girdling dies, 
to traverse the remaining portion of the internode before the latter 
also succumbs. In portions of the trunks having larger diameters, 
where greater periods are required for girdling, internodes of similar 
length may be traversed easily. 

In the smallest twigs and branches, internodes greater than 10 
inches in length will generally halt the downward advance of the 
canker. In branches* one half to 1 incli in diameter the infection 
generallv dies out on internodes greater than 12 to 15 inches in length. 
On the larger branches still greater lengths of internode may be trav¬ 
ersed; but since, where the stem is large, most of the foliage of the 
branch is beyond the canker, the entire branch is likely to die at the 
time of flag formation. Frecpiently the inner side branches have been 
partially or completely killed by shatle, resulting in a length of partly 
or entirely unsupported stem over which the infection would be 
incapable of passing under any circumstances. This is particularly 
the case in the lower crown, where the inner branches have undergone 
the most intense shading and w^here all the branches are generally 
under suppression. On suppressed branches, even though the canker 
has not yet reached an internode that it cannot pass over, the whole 
branch may be killed at flag formation or within a short time after- 
w^ard because of the combined influence of the canker and of suppres¬ 
sion. Where the branch has few feeders or is otherwise in poor 
condition, it may likewise be killed within a short time; or it may be 
killed primarily from suppression or from some other cause aside from 
blister rust. When the branch or my part of it is killed from any 
cause, all the cankers on it or its affected portions are killed at the. 
same time. Thus a large proportion of the individual infections are 
eliminated before they can reach the trunk. 

Where the die-back is only partial and the mycelium is not com¬ 
pletely killed, the rate of downward growth is variable. Wlien the 
por|ion of the branch below the infection remains vigorous, the growth 
IS entirely comparable to that on stems of similar size and condition 
in which no die-back has occurred. As already stated, at the time 
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of flag formation and for some time previous there is a tende^icy 
toward decline in the portions of the branch below the canker as well 
as above it. Measurements of cankers on the Viranches which re¬ 
mained entirely alive for the year following marking at Revelstoke 
in April 1928 (p. 482) showed that this loss of vigor may occur to such 
an extent as to i-etard the growth of the fungns. These measurements 
included only a portion of the cankers originally marked. In the 
remainder, complete longitudinal measurements were prevented 
either by flag formation or death of the entire branch. Where flag 
formation occurred, however, measurements w^ere continued of the 
dowmw^ard growth of the cankers. These measurements are the only 
values secured on dowmw^ard growth following flag formation. They 
are arranged by stem-diameter classes in table 10. Similarly arranged 
measurements of cankers on branches which remained entirely alive 
are included for comparison. 


Taule 10, - a reraff e <lnirn\rard growth from Apr. 2:*^ 1928, to Oct. 8, 1929, of 
rankers 00 branches partly ilestroged by flag formation in 19^8 and 1929, and 
on branches that remained entirely alire during the same period, at Revelstoke, 
British (Udnmbia 


(’outiition of tt<Tecte«I Itranch 


Stoin- 

diaint'ler 

(‘luSh 

(Indies) 


0 2 03 
0 4 O..*) 

0 6 10 --- 


i Portion beyond cankei died I 
I during 192H growing settt>on \ 


Portion bejonil canker died 
iluriug 1929 grow mg siMvSoii 


Kutire tiriinch rerimined alive 


I j Canker growth 



6. 


No In 
4 0 20 

1 ! .40 

I .. 

I 


In I In ! Pcf. jA'o 
J.23 I 1 23 IlOO 0 i 17 
2. 20 1 2 40 1 91 7 I 6 


i 

I 


In 
0 2 « 
10 
.05 



Table 10 shows that downward growth has continued at rates 
fairly comparable to those maintained before flag formation. In the 
0.2- to 0.3-inch diameter class, 1929 grow th, as compared with 1928 
grow^th, is relatively slower for cankers in which flag formation 
o(*curred in 1928 than for cankers in which flag formation occurred 
in 1929 or hi the cases in which the entire branch remained alive. 
In the 0.4- to 0.5-inch diameter class this value is higher, but onlj^ a 
single canker is represented. The cankers in which flag formation 
occurred in 1929 show’^ a proportionally slow^cr grow th in 1929 com¬ 
pared with 1928 than the cankers on branches that remained alive. 
As has already been shown, the 1929 growth of these latter cankers 
was relatively slower than their growTh in 1928 because of the ex¬ 
hausted condition of the branches on which they occurred. Evi¬ 
dently the branches having cankers in wdiich flag formation occurred 
were generally even more exhausted. 

In the cankers in which flag formation occurred in 1929, \yhero 
there is a fair basis in number of cankers, a very wide variation in 
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1929 growth as compared with 1928 was evident. In some cases it 
was far below" 1928 growth, in others far above. This is shown in 
table 11, which gives individually the comparative 1928 and 1929 
growths for these cankers and for those on branches that remained 
entirely alive. 

Table 1\.—Downward growth of individual cankers in 1928 and 1929 on branches 
partly destroyed by flag formation in 1929 and on branches that remained entirely 
alive during 1929, at Revelstoke, British Columbia 


Brunch beyond canker died during growing season 
of 1929 


Branch remained entirely alive in 1929 


Stem diameter 
(Inches) 

0 2 . -. . 


. 3 .. . - 

.4... 

.5. 

.0 . 

.7. 


Canker growth 

1928 

1929 

Jncheif 

Inches 

0 7 

1.0 

1 f) 

1.0 

1 h 

1 4 

1.2 

1 1 

1 2 

1 6 

1 « 

.4 

1 (} 

1.8 

1 8 

1.2 

1.3 

.9 

1 3 

4 a 

1 9 

8 

1 2 

1 8 

1 a 

1 8 

1 7 

. 7 

1 7 

2 1 

1 1 

1.6 

.8 

1.9 

2,1 

1 2 

\ 1.9 

1 7 

1 1.9 

2 2 


l.T) 

1 • 1.6 

1 9 

/ 3.0 

1.6 

1 1 6 

2 5 

/ 2 2 

3.0 

1 

2.6 


Stem diameter 
(inches) 

0.2 

3. . 

.4. 

.5. 


Canker growth 

1928 

1929 

Inches 

Inches 

1.3 

1 6 

1 6 

2 8 

I 6 

1.6 

1.1 

1.2 

1 6 

1.3 

9 

1,3 

1 4 

1 9 

l.K 

2 0 

1.7 

1.6 

1 7 

I 6 

1 7 

1 6 

1 7 

1 6 

1 

1 6 

2 0 

1 ^ ^ 

2 2 

1 9 

1.8 

! 1.6 

2.1 

2 4 

1.4 

2 0 

1.2 

2 0 

2 4 

2 0 


.7.- 2 1 2 7 

I 17 2 0 

8 . .. 2.2 2 1 


Table 11 shows tliat there was a far greater variation among the 
cankers in wdiich flag formation ofcurred than among those on 
branches that remained alive. Evidently in some of the former the 
occurrence of flag formation was followed by a stimulation or release 
from retardation of downw'^ard growth. Apparently the sickly con¬ 
dition of the portion of the branch beyond the canker constitutes a* 
decided drain on the healthy portion below the canker. This drain 
is eliminated when die-back occurs and the outward flow of water 
into the dying portion is stopped. The remaining portion of tlie 
branch recuperates sufficiently to permit downward growth of the 
fungus again to become normal. This tendency toward recovery 
following flag formation has been a common observation where the 
canker was not too far down on the branch and where the condition 
of the branch was unaffected otherwise than by the canker. 

Where the canker occurs too far down on the branch or the branch 
is under the influence of suppression, a continued decline instead of 
recovery is the rule. The effect of this decline is apparent instable 11 
where the 1929 growth-rate value is below that of 1928. 

Although no measurements are available as proof, the writer has 
obserju^d under certain conditions what appeared to be a decided 
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tendency of downward growtli to accelerate with the approach of 
death in the affected tissues. Tliis tendency was apparent where an 
entire branch, otherwise unaffe(!ted, was being killed by the canker 
and also where the canker following flag formation had not quite 
traversed a long internode which was about to succumb and below 
which the branch was vigorous. This aj>[)arent ac(‘eleration seems 
to suggest some inherited physiological reaction of the jiarasite which 
would bring the my(‘dium in contact with a better source of food 
supply and thus perpetuate the life of the organism in the host. 

METHOD OF CALCULATING TIME AND MANNER OF INJURY 

From (he known rates and habits of canker growth, it is possible 
to calculate and estimate the probable development of the individual 
infection. This permits, far in advaiu'c of tlie occurrence, calcula¬ 
tion and fairly accurate prediction of the time and extent of injury 
that W'ill result from any given condition of infection on the pines. 
Special studies, not yet reported, have been made in (his connection. 
This a|)plication of the knowledge of canker grow th rates and behav¬ 
ior, however, may be briefly illustrated by a hypotheti(‘al case, as 
follows: 

A young canker has entered from a side twig on a lower branch of 
good condition on a vigorous young tree 80 feet high in a moderately 
(lense stand in the optimum pine range. The canker is 8 feet from 
the (Turdv. Tlu' diameter of the branch below’ the canker is 0.7 inch, 
and at its juncture with the bole is 1.0 imdi. There an^ numerous 
‘^f(‘eders'’, or living side branches, below’ the canker. The inter¬ 
nodes are short enough for the canker to grow’ over. The diameter 
of the bole at the point of juncture with the branch is 4.0 inches. 
By referring to the curve of downward growth for optimum areas 
(tig. ()), it is found that the rate of dow'nward growth on the bramdi 
shouhl average about 8 inches a year. At this rate is would take 12 
years for the infe(‘tion to reach the bole. It is necessary next to 
visualize the probable changes that will take place in (he tree during 
this time. At the j)resent rate of growth it is calculated that the 
stand will have increased in this time by an average of about 20 feet 
in height and it is probable that within 5 years the stand will be 
closed and that this bi*anch will have become suppressed. It is 
jH’actically certain that the effects of suppression and the canker 
together will kill the bran(*h and that the canker will consequently 
die before it can reach the l)ole. 

Branch cankers high up in the upper (towii of the same tree might 
be thought to be relatively innocuous, since so little of the crown is 
involved above them; but this is not the case. For example, a caidser 
may occur 2 feet out on a branch at 22 feet from the ground, which 
has sufficient feeders, etc., to permit the canker to grow’ down to the 
trunk. The diameter of the branch below the canker is perhaps 
0.3 inch, and at its juncture with the bole 0.6 inch. The diametej- 
of the trunk at this point is 1.6 inches. The average annual growth 
^)f the trunk is 20 inches in heiglit and, at the point at wiiich the 
infected branch enters, 0.4 inch in diameter. It is (‘.alculated that 
the downward growth of the canker will average about 2.4 inches 
per year and that it will reejuire about 10 years for the (*anker to reaidi 
the trunk. 
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Bj this time, if tlio growth in height maintains its present pace— 
and* there is every indication from the growth of older trees that it 
will—the tree will be about 47 feet high. Its diameter at 22 feet will 
have in(*reased to about 5.5 inches. Jt will then require about 5 years 
for the infection to girdle the tree; during tliis time growth in height 
may be retarded by the infection, but will amount to about 7 feet more. 
During these years the base of the crown has moved up from near 
ground level to about 15 feet above ground level, owing to suppression 
of the lowest branches. Thus, at the time of girdling the tree will be 
about 55 feet high, and the girdlin|r, at 22 feet, will be near the base of 
the crown. Obviously the tree will be killed. 

For comparison with this last case, let it be assumed that on the 
same branch the infection is located within 10 inches of the bole 
instead of 2 feet out. The diameter of the branch below the canker 
is 0.6 inch. The average downward growth rate of the canker is 
calculated as 2.7 inches per year. In 4 years it will have reached the 
bole. The diameter of the latter at the point of juncture with the 
branch will then be about 3.5 inches. It will require about 3 years for 
tne infection to girdle it. In the 7 years required for growth down the 
branch and girdling, assuming that growth in height was retarded by 
the girdling action of the fungus to an average of about 15 inches per 
year during the last 3 yeais, the height of the tree will have increased 
about 11 feet, to a total of about 41 feet. In this case, allowing 2 years 
for the death of the leader following girdling and 1 more foot of growth 
in height during this time, about 20 feet of the leader will be lost after 
the tree has attained a height of about 42 feet, and the tree will be 
killed or at least so seriously damaged as to be worthless. 

Assuming that the infection occurred directly on the stem, about 
12 feet of tne leader would be killed after the tree had attained about 
34 feet in height. This^also would be serious, but the tree would 
probably recover; for it is unlikely that the canker would be able to 
grow down over the 2()-inch internode below it and the infection would 
die out with the die-back of the leader. In this case a volunteer 
would take the place of the old leader, and the tree, if free from further 
infection, might still make a good timber tree. 

If the annual growth of the tree weue slow in the last two cases, 
averaging, for example, only 8 instead of 20 inches in height, and 0.2 
instead of 0.4 inch in diameter, the sections’of the leader killed would 
be only about 13 feet and 9 feet after the tree had reached the height 
of about 35 feet and 31 feet, respectively. In these cases, however, 
the fungus after reaching the bole would easily be able to span the 
8-inch internodes below, and the infection would undoubtedly con¬ 
tinue its downward spread on the trunk until the tree was destroyed. 

It may therefore be concluded that infection at practically any 
point on the bole will usually kill or render worthless trees of the 
height class lused in the^examples or smaller trees. 

In large trees approaching or past maturity, infections near the tip 
are relatively harmless. In mature trees growth in height is 
generally slower than in trees of the younger classes. Consequently 
the length of the leader above the canker increases less prior to girdling,’ 
and smaller sections of the leader are killed from cankers ongji^ting 
at similar positions in the tops of such trees than in the tops of younger 
trees. • Furthermore, the interference with growth in height is less 
impKirtant in trees of the older classes, because they have already 
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developed to nierrhantable size; whereas, in the younger classes, con¬ 
tinued growth in height is essential to the production of timber. 
Owing to the much greater length and size of crown in the larger trees, 
corresi)ondingly greater lengths of the leader may be lost without 
killing or greatly retarding the growth of such trees. Therefore, sin(‘e 
most of the timber volume is in the lower •bole, considerable lengths 
of the leader may be killed in large trees without serious loss in mer¬ 
chantable volume or great reduction in volume increment, whereas in 
the small trees the infection prevents the production of tim})er. 

In order to kill or cause seriousdamage in a large tree, infection must 
generally gain entrances to the bole at a considerable distance below 
the top. Since the lower branches of the crown are longer and tlieir 
needles through which infection occurs are consequently farther from 
the bole, cankers in these branches are normally farther from the bole 
than are the cankers in the upper branches or hi smaller trees. Be¬ 
cause of the greater distance to be traversed and the greater chan(‘e 
that the (‘anker will encounter an internode over which it will be unable 
to pass, and because of the relatively smaller number of feeding side 
branches close to the bole and the greater chance that the canker will 
kill the entire branch and itself at the same time, a much smaller pro- 
[)ortion of cankers gain entrance to the bole from the older branches 
than from the younger branches. 

Furthermore, the cankers that gain entrance to the bole in the vul¬ 
nerable portions of the larger trees usually have a greater distance to 
travel than do the cankers in the younpr trees, and the diameter of 
the bole is of course much greater. Tnerefore, a greater number of 
years is generally required for the infe(*tion to reach and girdle the 
bole and to kill or seriously damage the larger trees. 

This does not mean that damage will not readily occur in mature 
trees of large size. Studies indicate that an uv(u’age of 10 to 20 
cankers is required to kill or seriousl}’' injure these larger size classes, 
whereas 1 canker suffices to kill the smallest tree. On the <)th(*r 
hand, the much larger (Towns of the large trees })resent a far great(T 
target for the sporidia than do the crowns of the small trees. In 
spite of the fact that the crowns of the large trees are higher from the 
ground and consecjuently more removed and less directly exposed to 
the sporidia from the infected Ilibes plants below than are the (Towns 
of the sniallei’ trees, tluTc is a very rapid increase in the total number 
of cankers with increase in the size of the tree. In general this in¬ 
crease in the total number of cankers more than offsets the difference 
between the large and small trees in the number of cankers recjuired 
to kill or seriously injure. The former, therefore, are as much pre¬ 
disposed to killing and serious injury as are the small trees. The 
injury merely requires a longer period to become effective. 

The injury to trees of intermediate size is intermediate between 
that of the larger and that of the smaller trees. The foregoing exam¬ 
ples, however, will suffice to illustrate the general application of the 
data on the development of cankers in relation to their injurious 
effects. From these data the amount of injury to any particular tree 
inay be calculated. 

Besi(Jes the data already given, information was secured on certain 
phases of canker development which, though of secondary importance 
with relation to the mode of injury, are of interest in connection with 
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the.general description of the cankers. These phases concerned the 
rate and extent of swelling or constriction. 

SWELLING AND CONSTKICTION 

The rate of swelling of the cankers, as measured by the increase in 
the diameter of the stem«at the center of the canker, ranged from 0 
to 0.3 inch per year, depending on the age of the canker and the size 
of the part infected. Swelling (‘commenced with tlie incipient stages 
of canker formation but did not usually be(5ome pronounced until 
after the discoloration had girdled the stem. As ])reviously mentioned 
girdling usually occurs within a few months on the smaller branches, 
whereas on the larger steins it reauires a period of years. As the 
rate of swelling in proportion to tne rate of longitudinal growth is 
most rapid in the younger, smaller steins, the amount of swelling in 
proi)ortion to the length is greatest in young cankers on such steins. 
After girdling on the smaller twigs and branches, the (‘.anker rapidly 
develops a short fusiform shajie, which is maintained for a time: then 
the rate of swelling slows down, and as longitudinal growth continues 
the canker becomes greatly elongated. The great(T the size of tln^ 
stem, the slower is the rate of swelling and the less fusiform is the 
shape of the canker. On the larger stems the proportion of swelling 
to length of the canker is slight or negligible and dianu^ter growth of 
the wood may ultimately be so reduced that tlui canker assumes the 
foi’in of a constriction. 

Except on the smallest twigs and branchi^s, the bark of the (‘anker 
generally becomes roughened and cracked in old ag(». The early 
death of the part infected usually )>rev(mts development to this stage 
on twigs and small bran(‘hes. In the largei* stems, parti(‘ularly on 
the trunks, this cracking of the bark is fre(iuently accompanied by 
resin flow, which in th(i case of old cankers on the larger trunks is 
often heavy. 

Constriction, as described bj^' Rhoads pp. begins with 

the reduction of the wood increment beneatli the infected bark, lie 
found that either retention of normal outline or constriction was th(> 
rule in Pinus strobus for cankers on stems 2 inches or moi-e in diametcM*. 
As a rule, the infected stems retained theii’ normal diameter for a 
time and became constricted only after the cankers had developed 
for a long time. Stem analyses showed that although the bark 
swelled in the earlier stages of the development of tlie canker, the 
reduction of wood increment beneath resulted in restoring the normal 
outline of the twig or in producing a constriction. 

In Pinus rnonticola this process is not ordinarily found at such 
small diameters and the development of noticeable swelling is the 
rule at stem diametei's up to 4 or 5 inches and is frequently found at 
even larger diameters. In the small twigs and branches there is 
frequently in the beginning a swelling of the outer xvlem elements 
as well as of the bark, so that after the branch has die(i and the bark 
has sloughed off, the portion of the canker developed during the 
earlier stages of the infection is often still clearly evident as a fusiform 
swelling of tlie decorticated stem. Such swelling was apparently not 
noted by Rhoads in Pinus strobus. 

During a trip through infection areas of the eastern part of the 
Unite(i States in 1927 the writer was struck by the frequent occur¬ 
rence of exaggerated constrictions in Pinus strobus causeti by the rust 
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on trunks ranging mainly from about 2 to 6 or 7 inches in diameter. 
These trunks had been girdled for some years, and diameter growth 
at the canker had been completely stopped. The bark tissues ap¬ 
peared to be almost or entii’ely dead and were largely impregnated 
with resin. The outer layers of the sapwood also were dead or dying 
and becoming impregnated with resin, but the inner portions were 
still alive aiul functioning. While downw'ard conduction had been 
almost or entirely blocked, upward conduction had been maintained 
to such an extent that the leader above had continued to grow almost 
normally in height and diameter, except for a short distance just 
above the canker, where the stoppage of downward conduc.tion had 
restilted in an acceleration of grow^th in diameter. Below the canker, 
the growth in diameter had also continued, but generally more 
slowly. The elaborated food materials for tliis latter growth had 
a])parently Ixmui ju-ovided ])rimarily from portions of the crown below" 
the canker. In some (*,ases where most of the infected bark had died, 
the growth, ])articularly above the canker, evidenced a distinct 
attempt at callus formation to heal over the affec'ted portion of the 
stem. Some of the most exaggerated of these constrictions showed 
diameters above and below^ the canker of over twice that of the 
affected portion. Naturally these constrictions formed points ex¬ 
tremely susc.eptible to breakage, and many trees had been broken at 
such points by wind and snow. 

Ill Pinus rnonticola formation of such constrictions and resultant 
bn'akage has been as yet relatively rare, although breakage is common 
at the i)oint of the cankiT in the larger tops and branches after the 
portions beyond the canker have been killed and rot fungi have found 
an entrance. 

The reason for these differences in canker formation and develop¬ 
ment in the tw"o s])e(ies probably lies in the fact that the living bark 
tissues are generally thicker in Finns monticola than in P. strobus and 
thus provide a food suppty that is Icvss readily exhausted by the 
fungus and consequently a substratum that is less readily killed. 

SUMMARY 

The growTh of over 400 cankers of Crouartium ribicola Fischer on 
Pinus monticola Doug, was measured in six different areas in south¬ 
western British Columbia, representing a variety of climatic and 
environmental conditions for the native range of the host. The 
cankered stems ranged in diameter from the smallest twigs to trunks 
up to 8 inches, and in conditions from poor to thrifty. 

Size of the infected stem (i.e., twig, branch, or trunk) and regional 
site conditions were the predominant influences in canker grow"th 
rates. Vigor of the infected stem was of relatively little importance. 

The curves for longitudinal growth were parabolic in form, rising 
steeply between stem diameters of 1 to 2 inches, and tending to become 
almost horizontal at diameters beyond 5 inches. 

An average of about 85 percent of the yearns growth took place in 
the cankers from spring to fall. 

The cankers grew more rapidly downward than upward, apparently 
because the diameter of the lower portion of the stem is normally 
greater than that of tlie upper portion. On the trunk, which tapers 
slowly, downward growth of the cankers averaged nearly the •same as 
upward growth; on the smaller, slower growing twigs, which taper 
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rapidly, downward'growth was over 30 percent greater than upward 
growth. In optimum areas the average annual downward growth 
ranged from about 2 inches on the smallest twigs to about 5 inches on 
stems more than f) inches in diameter; in similar stem-diameter classes, 
in the areas where growth was slower, average downward growth 
ranged from about 1 inch t?o between 3K and 4 inches per year. 

Lateral oi* girdling growth was measured only on trees of tlie larger 
stem classes. In trees of the largest stem diameters the average rates 
of lateral growth ranged to about 3)2 inches a year in the optimum 
areas and to between 2)i! and 3 inches in areas of slower growth. 

In the smallest stems, girdling occurred within a few months during 
the growing season. In the larger stems the average number of years 
required for girdling was about the same as the number of inches of 
stem diameter. 

Aeciospore production (‘nntinued regularly for several years in suc¬ 
cession on the same areas of bark. 

The stem is generally killed down to the lower portions of the canker 
within 1 to 4 years following girdling. If the canker occurs far enough 
down on the stem, or if the stem is in a weakened condition, the entire 
branch or trunk may succ’umb at the time of this first killing or shortly 
afterward. Otherwise the canker continues its downward growth with 
further die-back following irregularly behind it. Frequently this 
progressive die-back takes in the canker itself. In this manner, and 
also through the death of entire branches owing mainly to the action 
of the canker and of suppression, great numbers of tlie cankers die out 
before they can reach the trunk. The dying out of cankers is greatt'st 
on the larger trees where the branches "are longer and the low('r and 
inner portions of the crowns arc under suppression. On the other hand 
such trees with their large crowns are more exposed to infection, whi(‘h 
in general results in a greater number of cankers. 

Most of the serious injury and killing of trees results from girdling 
well down on the trunk by” cankers that have grown down from the 
branches. Examples are given of the application of the data on canker 
development to calculations of the time element and the manner of 
killing or injury under determinable conditions. 

Data are presented on canker swelling. The most pronounced 
swelling occurs on the smallest stems and on these only during the 
early stages of canker development. In stems over 5 inches the 
occurrence of swelling is negligible, or constriction develops. 
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RUN-OFF AND EROSION FROM PLOTS OF DIFFERENT 

LENGTHS* 

By F. L. Duley, ■professor of soils, and F. G. A(’KEBMan, foreman of farm, 
Kansas Agricultural Experiment Station 

INTRODUCTION * 

It has been a common observation among farmers that erosion 
seems to be more serious on long slopes than on short ones. Probably 
it has also been assumed that the amount of run-off is greater on 
long slopes, although less attention has been given to this phase of 
tlie subject. As a matter of fact, little definite information is available 
on these points. 

Probably the first tests to determine the effect of length of slope 
on run-off and erosion were made by Bartel.** Work is now in prog¬ 
ress at a number of Federal erosion stations, and the preliminary 
results have been included in the annual reports of these stations. 
A brief summary of the results has been reported by Middleton and 
Byers,** and Bennett.* A study of these results reveals no very con¬ 
sistent trend in the rate of erosion or run-off from slopes of different 
lengths. Because of this apparent lack of consistency and the con- 
•sequent need for more definite knowledge, the present work was 
started. By using methods whereby all factors could be more care¬ 
fully controlled it was thought that more definite results might bo 
obtained, even though the plots used were smaller than those employed 
in other tests. 

PLAN OF THE EXPERIMENTS 

Two sets of experiments were made. In each, 4 plots 3 feet wide 
and 10, 20, 40, and 100 feet long wore used (fig. 1). These were 
surrounded by strips of galvanized iron set in the ground to a depth 
of 6 inches. There was a 3-foot alley between plots, and the middle 
of all plots was on a line at right angles to the direction of the length 
of the plots. By this arrangement the soil conditions in each plot 
should bo representative of those prevailing over the whole of the 
small urea employed in the experiments. The slope of the land was 
4 percent in experiment 1 and 4.4 percent in experiment 2. The 
plots used in the first experiment were only about 25 feet south of 
those used in the second. 

The soil in wliich the tests were carried on is Derby silty clay loam. 
This soil has a fairly permeable surface soil and the subsoil is a silty 
clay to clay in the B horizon, but has not developed anything that 
even approaches a clay pan. The soil and subsoil could, therefore, 
be considered as having characteristics that would permit rather 
rapid absorption. The surface of the soil was kept free from vegeta- 

* Heceived for publication Oct, 17, 1933; issued June, 1934. Contribution No. 228, Department of 
Agronomy. 

» Bartel, F. 0. third progress report on soil erosion and run-opf experiments at the north 

CAROLINA EXPERIMENT STATION FARM, RALEIGH, NORTH CAROUNA, FROM JUNE 1, 1926, TO MAY 31, 1927. 
XT.a.Dept. Agr., Bur Fub. Roads in cooperation with N.O.Dept.Agr. 34 pp., Ulus. 1928. [Mimeographed,] 
J Middleton, H. E., and Byers, H. O. physical and chemical characterlstics of the soils prom 
THE EROSION EXPERIMENT STATIONS. U.S. Dept. Agt. Tech. Bull. 316. 61 pp. 1932. 

< Bennett, IT. H. the quantitative study of erosion technioue and some preliminary results. 
Oeogr. Hev«23: 423-432, iltus. 1933. 
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tictn and was hoed and raked before the beginning of each series of 
tests. When several runs were made on the same or succeeding days 
the soil could not be recultivated and was sometimes considerably 
packed by the applications of water. 

The water was applied artificially by means of sprinkling cans to 
simulate rainfall in the Same way that it was applied by Duley and 
Hays.® In tliree cases the run-off from natural rainfall was collected. 
In order to get an even distribution of water over the plots several 
men sprinkled the water simultaneously. With the heavier applica¬ 
tions eight men were employed on the lOO-foot plot, each man oeing 
assigned a 12,5-foot sjDace over which he distributed an allotted 
quantity of water in a given time. On the shorter plots each man was 
given 10-foot spaces. By properly calibrating the sprinklers it was 



Figure 1 -Plots used in experiment l. A portion of the lOO-foot plot is shown at the left, and the 40-, 
20-, and 10-foot plots at the right. Three applications of water were made at the rate of 1 inch in 30 
minutes. 


possible to put on the water in almost exactly the time desired on all 
plots. 

The losses were determined by weighing the total amount of run-off 
and then samphng. The samples were oven-dried and the amount of 
soil and water calculated. 

RESULTS 

RUN-OFF 

A summary of the results obtained will be found in table 1 and figures 
2 and 3. These results show that the percentage of run-off was in 
general greater on- the short plots, and decided^ greater when the 
average of all plots is considered. On two occasions, July 12 and 27 
in experiment 2, the 20-foot plot absorbed water much more rapidly 
than the others. No satisfactory explanation for this has been found, 
but the greater absorption was very noticeable while the water wag 
being applied. It is felt that these two results should not be included 
in the data since they were obviously inconsistent at the time. How- 
ev^, averages have been given both with and without them. 

». L., O. E. the effect of the degree of blofe on bun-off and son. erosion 

Jour. jEMlMBroh 4&: 349-360, illus. 1932. 
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Table 1 .—Effect of length of slope on run-off and soil erosion 


EXPERIMENT 1 


Date 

Water applications or rainfall 

Run-ofT from plots 
indicated 

10- 20- 40- J(X)- 
foot foot foot fool 

Soil eroded per acre from 
plots indicated 

10- 20- 40- 100- 
fool. foot foot j foot 



iVr- 

Per- 

Pei- 

Per- 




1931 


cent 

cnif 

cent 

cent 

Lbit. IM 

IM. 

IM 

Dec 2,3,... 

1 inch in .30 minutes--. 

0 (X) 

1.26 

0 87 

0 09 

J21 

21 

1 

Do . 

1 inch in 60 minutes 

42 69 

67. 11 

.55 39 

4.3. 47 

3,071 .5,24'^ 

1,757 

704 

Dec. 26 , _ 

j,‘. inch in 30 minutes ... 

7 94 

6. 43 

8 5() 

5 43 

160 109 

174 

80 

Do.. 

l inch m 60 minutes.. .. 

64 (Hi 

74 37 

65 72 

59 92 

378 1,271 

1,078 

794 

1932 









Mar 28 ... 

1 inch in 60 minutes. 

29.80 

20 57 

15 12 

1.5.36 

270 274 

134 

171 

Do.,. 

1 inch in 30 minutes_ 

77 03 

60.11 

58 52 

57. 04 

1,2.53 2,029 

1,073 

2, 607 

\pr 26_ 

0 32 inches rain. _ . ... 

25. 20 

42. 70 

21 10 

16.20 

159 5.58 

289 

2.53 

May 11_ 

1 26 inches ram. .. . __ 

27.60 

26 70 

19 30 

18.30 

4,980 3,(X).5 

1, 2.10 

1. 3.50 

Dec 3_ 

1 meh in 30 mlnules. 

40 54 

34 90 

28 Kl 

25 24 

1,086 423 

479 

2(«1 

Do-. 

1 inch in 60 miiiules__ 

26 81 

24 .59 

16 75 

7 02 

244 203 

171 

60 

1933 

Apr 24 _ 

1 inch in 30 miniiteh .... i 

1 .59 

1 43 ! 

81 

1 20 

IS IS 

12 

30 

Do . 

do . 

40 .48 

29 11] 

2(i 78 

28 15 

7.35 415 

491 

912 

J line 6 . . 

1 inch m 15 mmuie.s 

44 60 

31.02 

25 .5f. 

:io 30 

27 J 847 

1,08.5 

3, 107 

JiiiieK 

do . 

37 51 

29 73| 

29 41 

25 (X) 

697 IXX) 

J.082 

2,614 


ANerage or total. 

33 33 

32 1 . 5 ! 

26 61 

23. 77! 

13,322 15,41.5 

9,076 

12,988 

1 

Average for applications of 

41,05 

30 381 

27 49 

27 6.5] 



... 

j 

June 6 and 8 


j 






1 

Total for applications of 




1 

.. . 1 

968l 1,747 

2, 167 

.5. 721 

! 

June 6 and s 




1 

1 



1 

'J’otal for all aiiplicatioms ex- | 

— 

1 



12, .3.54113, 668 

6 ,909' 

7, 267 


copi for those of June <5 
and K 


EXPERIMENT 2 


iy:i3 1 

r uly S , - - - 1.5 inches in 35’• minutes (rainfall; i 4(). 42| 37 09 30 01 29 22 1,304 3,092 4,403 4, S29 

July 12 (11 ni ) 1 1 inch 111 00 minutes . 21 33 5 98 14 19 7 74 174 102 199 137 

.Inly 12 (a rn 1 1 inch in 30 minutes - - | 55 02 38 01 49 39 30.00 709 718 913 1,(XK) 

Jnlyl2(l).ni) , 1 - do.54 .58i 34 05 40 45 33 21; 943 573 9(W 1,197 

Julv 19 (a.m ) J 1 inch in 15 minutes . . 52.021 40 (Kl 38 38 33.98 4,040 3.920 4,827 4,907 

Julv 19 ‘ I do . - - 05 04 57 41 1 .50 79 .50 a3 5,517 .5, (KIO 0,310 5.800 

July 27.,. 1 inch in 30 minutes _ j 10 tlOj 7 33j 9 30 5.48 IJO 4^ J60 

Average or total _' 43 84 ! 31 .581 34 2()| 28 91113,529!13,040 18.01218,090 

AveniKC or total omillmj; j 54 89, 4.5 031 41 93i 39 74'11,.527112,021 15,5401.5,002 

I re.sultsfor July 12and27'' | I ! ; 


« This application followed an apiiluialiou of 1 inch in 30 miniite.s which jrave no run-olT. 

Only part of 3 2.5 inches nun collect.e<l, 

' 0 minutes after first application July 19 . . , . , 

OmittiiiK results for July 12 and 27 on all plots Tim 20-foot plot look in water d.lTerently from the 
others on these days and no sati.sfactory evplauatioii has been found. 

Wlien the results arc analyzed in detail it will bo seen that the 
nm-off from the shorter plots exceeded that from the longer ones in fi9 
cases out of 84 in experiment 1. If calculations are made according to 
the method of Salmon,® it will be found that D/E = 7.5, which indi¬ 
cates that the difference is probably not due to chance. In experiment 
. ‘2 the run-off from the shorter plots exceeded that from the longer ones 
27 times out of 30, or D/E = 6.6, which again indicates that the diffor- 
leiTce is not due to chance. If the results from both tests are combined, 
the run-off from the shorter plots is greater in 96 cases out of 114, or 
D/E = 10*9, from which it is safe to conclude that a larger percentage 

6 Salmon, S. C. thk point binominal formula for evaluating agronomic experiments.* Jour. 
Amer. Soc. Agron. 22: 77-81. 1930. 

02:J37—34-3 
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EXPERIMENT I. 

AVERAGE OF ALL TESTS 

EXPERIMENT I, 

HEAVY APPLICATIONS, JUNE 6,8,1933. - 


—— EXPERIMENT 2, 

HEAVY APPLICATIONS, JULY 8,19.1933. 


run-off may be expected from short slopes than from longer ones, at 
least up to the lengths used in these tests. This was true during light 

applications of water such as 
those of June 6 and 8 and 
July 19, 1933. 

The explanation for the 
greater absorption on the 
longer plots probably lies in 
the fact that when water is 
rumiing over a long slope 
there is more time for it to be 
absorbed than on a shorter 
slope. Unless a soil had 
reached its absolute water¬ 
holding capacity this factor 
would continue to operate. 
The results of these tests, like 
those of Duley and Hays,^ 
indicate that field soils on 
.sloping ground are seldom if 
ever so thoroughly saturated 
that they fail to absorb some 
water. 

The decrease in run-off was 
less between the 40-foot and 
lOO-foot plots than between 
40-foot plots and the 10- or 
20-foot plots. This was probably due to the fact that during heavy 
applications of water much of 
the lower part of the long plot 
was covered with a sheet of 
water. The percentage of run¬ 
off was thereby increased since 
absorption was already going 
on at approximately the max¬ 
imum rate. The importance ^ 
of this factor probably would w 
be greater with still longer 5 
plots, and might possibly reach ^ 
a point where the percentage S 
of run-off would increase with g 
further increase in length of g 
slope, particulary during very £ 
heavy rains, for if the entire j 
surface were coveted with g 
water, any additional rainfall 
would give approximately 100 
percent run-off. 


10 20 40 100 

LENGTH OF PLOTS ( FEET) 

Figure 2 —PercentaRe run-off from soil plots of different 
lengths. 



—— EXPERIMENT I, TOTAL 
— — EXPERIMENT 2.TOTAL 
• EXPERIMENTS I AND 2, 

APPLICATIONS OF JUNE 6,8, 
AND JULY 8,19, 1933. 


EROSION 
The results of the erosion 


10 


100 


20 40 

LENGTH OF PLOTS (FEET) 
measurements for these plots figure 3 .—Toos of soil eroded from son plots of different 
wer 6 .,li 9 ss consistent than the lengths, 

resulfe fbr run-off. If the average of all results in experiment 1 are 


f Dulk^F. n., Rnd Hays, 0. £. See footnote 5. 
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considered for tlie different plots it will be seen that the figures fpr 
the 10-, 20-, and 100-foot plots are not widely different, but those 
for the 40-foot plots are low. The large amount of erosion on the 
10- and 20-foot plots is due mainly to the results of the test of 
December 23, 1931, and the rain of May 11 , 1932. There seemed 
to be a general tendency, when the amount of erosion was small, for 
the rate of erosion per acre to be relatively high for the short plots. 
This probably can be accounted for by the larger percentage of run-off. 
When the amount of erosion was large there was a tendency for it to 
be greater on the longer plots. This probably can be explained by the 
increased carrying power of water down the longer slope, as the water 
tends to concentrate in larger volume and to follow definite channels. 
Tliis increase in volume with its greater cutting power is sufficient 
to overcome the effect of a larger percentage run-off on the shorter 
plots. If consideration is given to the times when the applications 
of water was most rapid, as on June f> and S and July 19, 1933, when 
water was applied at the rate of 1 inch in 15 minutes, and the rain of 
July 8, 1933, when 1.5 inches fell in 35 minutes, it will be noted that 
erosion was heaviest on the longer plots. 

Jf the results of all tests are considered, erosion from the longer 
plots is found to exceed that from the shorter ones in (31 out of 114 
cases. Since l)/E-^l.l, the results do not appear to be statistically 
significant. However, if the results for the very rapid rains are con¬ 
sidered, erosion from (he longer plots is found to exceed that from the 
shorter ones in 27 cases out of 30. D/E =^6.0, which indicates that 
the results are probably not due to chance. It must, however, be 
remembered that the numbers used in this case are small, and hence 
are of less value statistically. Nevertheless they do indicate a 
definite trend, and since it is the hard dashing rains that cause the 
greatest amount of erosion, these results have a more direct application 
to practical conditions. 

In general the results here reported indicate that during the lighter 
applications of water the largest amount, of erosion per unit area 
occurs on the short slopes, but with the heaviest applications the 
reverse is true. This finding may account for the fact that some of 
the results obtained in other experiments have shown more erosion 
from short plots, while in other experiments more was obtained from 
long plots. The relative amounts seem to depend upon the character 
of the rainfall. 

SUMMARY 

Soil erosion and surface run-off were measured on plots 10, 20, 40, 
and 100 feet in length, to determine the effect of slope length on these 
processes. Measurements were made on two such sets of plots. 

The soil was a silty clay loam, free from vegetation and loose 
organic matter, and was surface-cultivated. The fost set of ^ots had 
a slope of 4 percent and the second a slope of 4.4 percent. To simu¬ 
late rainfall most of the water was applied with sprinkling cans; in a 
few cases natural rainfall was used, 
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. There was a larger percentage of surface run«off from the short plots 
than from the long ones. This seemed to be true with both the heavy 
and light applications of water for the plot lengths under consideration. 

The results foi soil erosion were less consistent. When the rate of 
water application was light, there was a tendency for the erosion 
from the short plots to r\m relatively high as compared with the others. 
When the rate of application was heavy, i.e., 1 inch in 15 minutes, 
erosion was greater on the long plots. These results indicate that 
when rainfall is light short plots may possibly undergo the greater 
erosion, but when rains are heavy the reverse is true. 




THE ABSORPTION AND EVAPORATION OF MOISTURE 
FROM PLANT CONTAINERS* 


By Linus H. Jones 

Asaintant research professor of botany^ Massachusetts Agricultural Experiment Station 

INTRODUCTION 

The ordinary flowerpot made of clay and fired is familiar to every¬ 
body. Jones ^ has shown that plant containers of metal, glass, and 
paper will support plant growth equal to, and frequently better than 
that obtained in clay pots. The real difl*eren(‘e between porous and 
non porous pots is the property of the former to absorb and evaporate 
moisture. Soil aeration through the wall of the pot is not j)robable 
and is hardly ])ossible.’^ 

In seeking a vscientific explanation for the inferiority of ])lants 
grown in clay flowerpots on a dry surface, the subject of water rela¬ 
tions in the soil as influenced by the absorption of water by the pot 
and its evaporation from the pot seems to give a satisfactory answer. 
In nonporous plant, containers, evaporation can take place only from 
the surface of the soil. In the porous pots, the pot itself acts as an 
evaporating surface; and as its area is considerably greater than that 
of the surface area of the soil, the effects of evaporation from such 
containers are accentuated. The plant container directly affects the 
wat(‘r relationships in the soil mass. Jones, using high greenhouse 
teni])eratures, found that the loss of water from 3-inch porous llower- 
l)ots was twice as much as from nonporous containers of the same 
size, and that this increased loss of moisture by evajxiration had a 
cooling effect on tlu' soil mass. 

PLAN OF THE INVESTIGATION 

The investigation reported herein was jdanned to secure informa¬ 
tion that could be used as a scientific basis for the proper understand¬ 
ing of water movement in a clay flowerpot. The experiments were 
planned to determine the maximum absorbing capacity of clay flower¬ 
pots, Painted flowerpots and cement pots were included in the 
experiments concerned with evaporation. Though porous to air and 
moisture, the capillary structure of the cement pot is so coarse that 
unless the soil mass is quite wet, capillary continuity is broken between 
the cement pot and the soil and the pot will function as a nonporous 
one.^ 


ABSORPTION OF MOISTURE BY THE CLAY FLOWERPOT 

When both the soil and the flowerpot approach dryness, any ap¬ 
plied water is taken up by both. Apparently there arc no figures to 
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suggest the approximate amounts of water that should be applied 
daily to satisfy the needs of potted plants in flowerpots of various 
sizes. Table i shows the maximum amount of absorption that can 
take place in a clay flowerpot and the relation of the absorbed quan¬ 
tities to the amount of water usually applied to a potted plant. 

Table 1, —Normal umaht of water applied to clay flowerpots of different sizes, the 
‘weight of water that clay pots can absorb, and the weight of water available for the 
soil and plant 

(Average for 20 pots] 


Size of pot (inches) 

Normal i 
watering « 
applied 1 

Water absorbed 
by pot 

Water available for 
soil and plant 


1 

Ora mu 

Orams 

Percent 

Or aim 

Percent 

2. 

15 

«. 10 i 

60 

5.90 

40 

2H . 

3.5 

14 10 

40 

20.90 

60 

3. . . 

50 

20 55 

41 

29.45 

59 

. 

100 

38.85 

31) 

61.15 

61 

5’’”_ !_..*/ _ . 

200 

83. 15 

42 

116 85 

58 

6. 

300 

130 30 

43 

109. 70 

57 




« The amount of water that constitutesi a normal watering was determined by averaging data from several 
sources The amount of soil in the pot and the human element in watering u ill cause these figures to vary 
slightly. However, they represent a fair basis for investigational work. 


A cement pot made from a mixture of sand and cement does not 
have so large a water-holding capacity as a flowerpot made of lired 
clay, consequently a larger percentage of the water apphed to the soil 
in a cement pot is available for the plant. Table 2 shows a comparison 
of the absorbing capacities of clay ancl cement flowerpots. 


Table 2. - Normal weight of water applied to clay and cement flowerpots iff different 
sizes, the weight of water qbsorbed, and the weight available for the soil and plant 

(Average for 2 pots] 


Size of ix)t (inche.s) 

Tyije of pot 

Dry 

weight of 
pot 

Normal 

watering 

applied 

Water absorbed by 

IK)t 

Water available for 
soil and plant 



Ora nut 

K 

Orarm 

Orarm 

Percent 

Grants 

Percent 

4.. 

/Clay. 

390 

100 

37 

37 

63 

77 

63 


{Cement. 

406 

100 

23 

23 

77 

5. 

relay--.. 

1 Cement- - - , 

643 

200 

83 

41 

117 

59 


1 618 

200 

44 

22 

156 

78 

6.. 

relay. 

iCement_ 

1,060 

300 

121 

40 

179 

60 


1,032 

300 

79 

26 

221 

74 


In order to determine the amount of water that could be absorbed 
by a clay pot in the presence of a growing plant, the following experi¬ 
ments were performed: Twenty-four 4-inch pots were dried for 1 day 
at an air temperatxirp of 33° C. and weighed. Each pot was planted 
with a geramum plant and placed in a CTeenhouse on a moist soil 
bench. At the end of 6 weeks the potted plants were transferred ta 
a dry surface and the watering adjusted so that the soil was almost' 
dry the plants began to wilt. (This procedure is analogous to the 
conditions under which house plants are grown and watered.) When 
all 24 plants were reacting nearly the same and needed watering, they 
were equally divided into two series. The plants and soil were 
removed from the A series and the pots weighed to determine how 
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mucli water was retained by the pots. From table 3 it appears that 
the pots were as dry as when the experiment was started. To each 
pot of the B series 100 grams of water was applied and the series 
allowed to stand for V/i hours. The pots with soil and plants were 
weighed and the loss of moisture by transjiiration and evaporation 
determined. The soil and plants were then removed and the wiped 
pots weighed. Table 3 gives averages and calculations on which are 
based the conclusion that nearly one quarter of the water applied was 
absorbed by the pots. This figure represents about one half of the 
absorbing capa(;ity of the pots (table 1). It was observed that in 
1)2 hours the water had penetrated the soil to a depth of but 1 inch 
and probably would not have jienetrated more deeply as the capillary 
attraction of the pot for moisture was greater than that of the soil. 

Tahijo 3 .—Mfthoil of grouping the varittus weights of elog pots in ordn to obtain 
a general average of the percentage of water absorbed bg ihetn when containing 
plants 


Senes and no. 

Item consuiereci 

1 Weight 

Senes A (check)* 


Ora VIS 

1. .. 

Average initial weight of 12 imts..... .. 

394 (X) 

2 . 

Averajre llnaJ weifjht of pots minus soil ami wilted plants... . 

1 393 (K) 

Series B. 


1 . . 1 

Avt*raf»e initial weight of 12 fiols. 

390 76 

2. 

Average weight of pots plus soil when soil was dry and plants wilting. . 

HI2 08 

3 . 

Average weight plus 1(X) grams of water.. .. 

912 OH 

4 . . 

Average w'eight Pn hours after water was aiiidied.. . 1 

1 tK)6 91 

6 

Loss in 1^3 hours <lue to evaporation and transpiration ... 

i 0 17 

0 . . . 

Average weight of eniiity imts P^ hours afU‘r water w as applied. 

413 33 

7 - 

Average w‘eiglit of waU'r in pots after 1*2 hours (413 - 33390 76) . | 

« 22 68 


'* 22 68 iw'rceiit of Uu* total wcighl of water appluMl was ahsorbefl by iht* cla> pols jd \}‘z hours 

b:vaporation of moisture from porous and painted 

FLOWERPOTS 

Moisture loss from the soil in a porous pot takes place in two 
directions the evaporation from tlie surface of the soil causes a 
vertical movement of soil moisture while the evaporation from the 
wall of the pot causes a lateral movement. If the ])oious pot is kept 
on a moist bench surface, some of this evaporated moisture is replaced 
from the moisture below the pot. The following experiment w^as con¬ 
ducted to determine the effect of pot environment (bench surface and 
air) on the quantity of water lost by evaporation from the surface of 
the soil and through the wall of the pot. 

Flowerpots, 5-inch size, of clay, cement, and painted clay were 
placed on a dry bench surface of boards and on a moist bench surface 
of soft-coal cinders. Each type of pot for each condition was repli¬ 
cated six times. The soil, a compost, w^as sieved through a IJ^-inch 
mesh screen. The pots were filled level full and the vsoil firmed. The 
drainage hole in each pot was covered with a piece of broken pot, as 
*is customary. The pots wore allowed to remain on a moist surface 
for 20 hours for the natural adjustment of moisture throujjh the soil 
"before being we^hed and were brought up to this initial weight every 
24 hours, after first determining the weight lost. Table 4 show-s the 
loss of weight for each one of the 14 days of the experimental period. 
Naturally, the amount of evaporation is affected by the we/ither 
conditions prevailing at the time. This influence is graphically 
represented in figure 1. 
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Table 4. —Average loss of weight in ^4-hour periods from clay, painted^ and cement 
soil-filled pots on dry and moist surfaces 



Clay pots 

Paiiitod pots 

(^ement pots 

Period (days) 

Dry 

Moist 

J>ry 

Moist 

Dry 

Moist 


surfat^ 

surface 

surface 

surface 

surface 

surface 


Grarntt 

Grami 

Grams 

Grams 

Grams 

Grams 

1 

.53 

18 

13 

11 

Ti 

.5 

2 . . . _ 

<13 

29 

17 

16 

30 

21 

3 . .. .. 

<14 

28 

1.5 

11 

27 

18 

4 , . . . ... 

<«i 

36 

19 

18 

31 

2.5 

5 ....... .. 

69 

41 

18 

18 

33 

2:4 

6 .... 

.53 

2<) 

15 

11 

27 

18 

7 

.54 

18 

16 

11 

30 

« 2 

8...'” .y.".. 

.56 

2:1 

18 

14 

29 

14 

« .. ___ .. 

28 

.5 

10 

8 

19 

« 10 

JO ... . . ... 

. 5:1 

17 

17 

12 

27 

.5 

II.._ _ 

44 

1.5 

14 

11 

24 

7 

12 _ _ ___ 

48 

14 

14 

12 

22 

.5 

13_ ..... 

11 

“ <l 

4 

4 

.5 

« 10 

14__ , 

20 

.5 

7 

5 

11 

« 1 

Total ..._ 

4,094 

1,6J10 

1,184 

947 

2.0<)4 

64<j 


“ (lain in weight. 


The results indicate that the evaporation of moisture from porous 
(day pots on a dry surface was approximately three times j^reater 



i 2 4 5 6 7 8 9 10 It 12 13 14 

DAYS 


Ficure 1 - Effect of weather on loss of weight of clay pots on dry and moist surfaces and painted pots on 
a dry surface. Average for six pots. 

than that from painted pots. As the painted pots could evaporate 
moisture only from the soil surface, the data show that two thirds of 
the loss of moisture from the soil in a clay pot on a dry surface took 
place ^through the wall of the pot, indicating that there was twice 
as much? movement of moisture laterally as vertically. Wlien the 
porous ejlay pot wm kept on a moist surface, a considerable proper- 
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tion of the water lost by evaporation was replaced from the mpist 
surface. It is also possible in humid weather for the porous clay pot 
to absorb more moisture from the moist bench than is lost by evapora¬ 
tion. 

The cement pot, because of its coarse structure, influences loss of 
moisture according to the ability of soil moisture to leave the soil 
and enter the pot wall. When moisture was first applied at the 
beginning of a 24-hour period, the pot was able to absorb it. As the 
])eriod progressed, the moisture-retaining power of the soil became 
more effective than the pull of the pot. Thus capillary contact 
between soil and pot was broken. Hence, soil-moisture movement 
in a cement pot is more like that in a ])ainted pot, vertical, than in a 
porous clay pot, vertical and lateral. Table 5 shows the loss of 
moisture in l-hour periods from the three types of pots. The transi¬ 
tion period, when the cement pot (on a dVy surface) changed over 
from behaving like a porous pot, occurred at about the end of the 
fifth hour. 


Tabli-: ri, — Losit of weight itt hourly periods from clay^ cement^ and painted soil- 
filled pots on dry and mmst surjaces 



Dry surface 

Moist Surface 

Poriod Oiours) 

(’lay 

Ornenl 

Painte<l 

('lay 

C’cincut 

Painted 


(irumif 


(hams 

Grams 

.. 

Grams 

(trams 

d-l . . 

5 

1 

\ 

1 

0 

1 

I--2 . . . . 

8 

s 

2 

4 

5 

1 

2-3 

2 

4 

3 

f) 

4 

2 

3-4 ... 

12 

7 

2 

3 

3 

3 

4- . . 

10 


2 

0 

.'i 

2 

.'i -♦! 

10 

2 

2 

7 

1 

.3 

•i 7 - . 

1 

5 

4 

2 

ft 

3 

7-K . . . 1 

f) 

1 

0 

2 

3 

0 

« 21 .. 1 

45 

12 

10 

22 

14 

13 

Total Uks ... 1 

98 


2lt 

52 

40 1 

28 


__ _ 


- ... 


- _' 



DISCUSSION 

The absorption of moisture by the (‘lay pot and its sid:)sequent 
evaporation into the air is a continuous juocess as long as there is 
any capillary moisture in the soil mass. Tests with the rubber 
vacuum disk proved that the word “ porous as applicHl to moist 
clay flowerpots should be limited to mean porosity to moisture. 
Air does not pass though the wall of a moist clay flowerpot. The 
pro(‘ess of lateral movement of moisture transports more water in 
this direction than is moved vertically and should, therefore, be 
accompanied by a corresponding lateral movement of soluble plant 
food. Associated with the movement of water in plant containers is 
the distribution of the root system of the plant. Where lateral 
movement is possible through a porous pot, the root system, for the 
most part, is found between the wall of the pot and the soil mass. 
On the other hand, if lateral movement is not possible, the root system 
ramifies through the soil mass with only a few roots developing adja¬ 
cent to the pot wall. 

Water relations, water movement, and root distribution are entirely 
dependent on the structure of the plant container. The culture of 
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pottiied plants should include practices that encourage a more or less 
even balance of water (content in the environment of the roots. In a 
nonporous pot with a ramifying root system and lack of lateral 
movement of water, it is coinparatively easy to maintain an even 
distribution of moisture in the soil mass'. In a porous pot where the 
root system is almost entirely against the wall of the pot, it seems 
almost necessary to keep such pots on a moist surface. If a moist 
surface is not used, the pot itself will withdraw moisture from the 
nearest source which happens to be the very region where the roots 
have developed or are developing. 

SUMMARY AND CONCLUSIONS 

This investigation is concerned with the amounts of water usually 
applied to potted ])lants mid the moisture-holding capacities of pots 
of various sizes. The loss of water by evaporation has been deter¬ 
mined also for pots in certain specified environments. 

Under conditions that frequently prevail with growing plants, 
nearly one quarter of the amount of water applied was absorbed by 
the flowerpots in 1 ]i hours. 

Twice as much water was evaporated from the wall of a clay pot 
as from the surface of the soil. This would indicate that there was 
twice as much moisture moved laterally as was moved vertically. 

When the clay pot was kept on a moist surface, a considerable 
proportion of the evaporated water was replaced from the supply of 
moisture beneath the pot. 

Cement flowerpots did not have so large a water-holding cajiacity 
as those made of fired clay. The cement jiot evapoj'ated moisture, 
from the wall as long as the wall could maintain a ca})illary connection 
with the soil mass. When such capillary contact was broken, the 
cement pot behaved as a nonjwrous painted pot. 

The essential difference between a i)orous and a n()n})orous plant 
container is the ability of the former to evaporate, moisture from its 
wall and replace this moisture from the soil moisture within the pot. 



THE RELATION BETWEEN ABNORMAL ORIENTATION 
OF THE 4-DAY EMBRYO AND POSITION OF THE CHICK 
AT HATCHING ‘ 

By J. R. Cavers, research assistant in 'poultry husbandry, and F. B. Hutt, poultry 

husbandman and animal geneticist, Minnesota Agricultural Experiment Station 

INTRODUCTION 

Despite the extensive knowledge at hand concerning the early 
embryology of the chick and the steadily accumulating information 
regarding its behavior at the time of hatching, there is verj^ little 
known of the relationships which exist between the two stages of 
development. Because of their importance as factors causing em¬ 
bryonic mortality, malpositions of the fully formed embryo have been 
the object of study at this station for several years. The data herein 
j)resented deal with abnormal orientations of the young embryo and 
their possible effects upon the subsequent position of the chick within 
the egg. 

MALPOSITIONS 

The completion of the incubation period usually finds the body of 
the embryo parallel to the long axis of the egg, with the head towards 
tlie large end of the shell. It has lieen generally considered that the 
embryo accommodates itself thus to the shape of the egg at tiie end 
of the second week, ]>ut Kuo (.9),^ w’ho has described the manner in 
which the final position is attained, found that the time of its fixation 
is usually about the tenth day. 

Several well-defined deviations from the normal position at hatch¬ 
ing, referred to as malpositions, have been described. 

The method of designating normal and abnormal p()sitit)ns of fully 
formed embryos at this laboratory is as follows: 

N. The normal position. Body parallel to long axis of ogg and hi*ad in large 
(*nd; beak under right wing and toward air cell (fig. 3, .1). 

1. Hoad buried betwoon thighs: 

II. Phnbryo upside down with liead in small end of egg (fig. 3, li). 

III. Head turned to left and away from air cell. 

IV. Body rotated so that head is away from air cell; otherwise normal. 

VI. Head not beneath wing, but above or away from it. 

More complete descriptions of these malpositions, data on their 
frequencies, and discussions concerning their relation to embiyouic 
mortality, have boon given by Sanctuary (]^), Hutt (6*). and others. 
A detailed description of position VI has been given by Hutt and 
Pilkey (7). The malpositions differ in the extent to which they i)re- 
vent or hinder hatclung. Position I is undoubtedly always lethal, 
and positions III and IV appear to be fatal in nearly all cases, if not 
in all. ^me of the embryos in positions II are able to hatch. Posi¬ 
tion VI is probably a considerable hindrance to the chick, if not an 
actual barrier to hatching. 

, > Received for publication Nov. 8, 1933; issued June, 1934. Paper No 1224 of the Journal Series of the 
“ Minnesota Agricultural Experiment Station. The sixth paiser of the series of “Studies m embryonic 
mortality in the fowl,” 
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AlUiougli some chicks in malpositions may hatch and their positions 
then*be unknown, tlie influence of abnormal orientations can still be 
studied in the embryos which fail to hatch. 

In the first paper of this scries, Hutt {(i) suggested that some of the 
abnormal positions of fully formed embryos may result from the 
aberrant orientations of the embryo, which several embryologists have 
shown to be not infrequent, and wdiich are known to bo established 
at early cleavage. Such an origin seemed especially likely in the case 
of position II (head in small end of egg) since very young embryos 
are sometimes found parallel to the long axis of the egg (instead of at 
right angles to it), with the head pointing toward the small end. 
Accordingly an investigation was begun in 1931 to determine whether 
or not any relation exists between the early orientation and the later 
position of the embryo. Since the investigation was begun Taylor 
{IS) has reported that from embryos originally abnormally oriented 
there resulted 50 percent more embryos in position 11 than there wer(' 
from embryos having normal orientation at 0 days. 

ORIENTATION 

The position of the avian embrjo on the yolk during early stages 
of development has a fairly definite relation to the a.xes of the egg. 
When an egg remains in a horizontal position for a few moments, the 
yolk comes to rest with the blastoderm on top. The embryo may 
then readily be observed by removing a portion of the shell afiove it. 
Embryos of the domestic fowl at 2 or 3 days of age w^re described by 
Von Baer {1) as lying at right angles to the long axis of the egg, wdth 
the head to the left when the small end of the egg is directed awav 
from the observer. Early embryologists considered the normal ori¬ 
entation given by Von Ba^?r to be relatively constant in all eggs, and 
used it in studies of segmentation as a means of jmMlicting the fut ure 
caudal and cephalic regions of the undiflerentiated blastoderm. 
Later investigations have shown that marked deviations may occur 
from the normal orientation. Fer6 (4) measured ori(*ntati(^ns of a 
large number of chick embryos and found that 25 percent of them 
deviated by more than 45° to the riglrt or left of the nonnal axis. 
This is in agreement with the findings of Dalton (S), Rabaud {10). 
Kopsch (^?), and Taylor {13). 

PROCEDURE ^ 

Since it w^as necessary not only to determine the orientation but 
also to give the embryo an opportimity to hatch, it was essential that 
the position of the embryo at an early age be determined without 
breaking the shell as had been done in most previous studies. More¬ 
over, it was desired to obtain the readings of orientation as early as 
possible in the incubation process in order to ascertain more nearly 
the original orientation established during cleavage. For these 
reasons special apparatus had to be designed to permit observa<i|^ 
of young embryos through the shell. ' '' 

APPARATUS 

A candling apparatus was constructed which contained two 500 - 
watt pfojection lamps and an electric fan to cool tliem. The box 
was desigidled to give the maximum illumination of an egg placed in a 
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horizontal position in an e^^^-sliapcd hole in the top. Very little light 
could emerge except through the e^g. The eggs of White Leghorn 
fowls were used, since tlieir chalk-white shells transmit the light readily. 

Tlie top of the box was marked witli lines which radiated out 
from the center of the egg-shaped hole every 15° througliout an entire 
circle. The line which represented the normal orientation of the 
embryo, being ])erpendicular to the long axis of the egg and 90° 
counterclockwise from the small end, was marked 0°. Other lines 
were marked 15°, 30°, 45°, etc., to the right or left of this line (fig. 2). 

DETERMINATION OF ORIENTATION 

The apparatus just de^scribed made readings of orientations possible 
at 3 days 4)f incubation. The vitelline blood vessels of the normal 
embryo showed fairly well through the shell atfiOhours, and soon there¬ 
after the body itself was visible. At 72 hours the cephalic, and caudal 
regions could be distinguished, and in many cases the beats of the 
heart as well. Since tlu' cranial and cervical llexures are at that age 
well advanced, the embryo itself is not entirely suitable for a(*euratn 
measurements. It was found that the vitelline veins and arteries 
could be utilized along with the body of the embryo in determining 
the angle of orientation. 

After about 72 hours of incubation the vitelline blood vessels were 
distinctly visible through the shell. These pass bilaterally from the 
embryo at right angles to its long axis and divide into two main 
branches, which extend in anterior and posterior directions. The 
forward branches develop more readily to form a wide fork, the arms 
of which are more or loss parallel to the body of the embryo. The 
fork formed by the posterior branches occupies a similar relation to 
the embryo, but it is not so clearly defined until about 80 hours. By 
90 hours, however, these vessels may have attained an equal or 
even greater length than those extending forward (fig. 1). 

Since the object of the experiment was to determine the relationship 
between the definitive position just prior to hatching and the original 
orientation established in the early cleavage stages, it was desirable 
to determine that orientation at the earliest possible age consistent 
with accurate readings. After numerous trials this was found to be 
between 84 and 90 hours. At that time the embryo and the blood 
vessels both serve to differentiate the two ends of the body. The 
angle of orientation is indicated more exactly by the blood vessels 
than by the embryo itself, for the reason that they extend farther 
over the yolk and they are more plainly visible through the shell. 
The extra-embryonic blood vessels are less subject to changes of 
position than is the embryo, especially when the latter is enclosed 
within the amnion from the fourth day on. Moreover, it was found by 
breaking eggs at 48 hours that the branches of the blood vessels 
described above are almost exactly parallel to the straight line which 
the embryo^s body then forms. 

In eggs incubated in a horizontal position, the 4-day embryo is 
•found on top of the yolk and near the highest point of the shell. 
Readings were quickly made in such eggs directly upon removal from 
the indubator. A number of the eggs used were incubated with the 
large end up, and the long axis of the egg about 45° from the vertical. 
In these some difficulty was at first encountered because, as the 
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eggs cooled, the embiyonic membranes adhered to the inner shell 
membrane in the region of the air cell. This obstacle was easily 
overcome by placing all j?ggs in a horizontal position immediately upon 
their removal from the incubator, a procedure which caused the yolk 
to float freely so that the orientation of the embryo could be deter¬ 
mined without difficulty. Keadings were made to the nearest 15° 
radius. 

DISTRIBUTION OF ORIENTATIONS 

The orientations of 4,721 chick embryos were observed by candling 
on the fourth day of incubation. Of these 2,906 were in eggs incu- 



FioifRK 1. - Photographs of living chick embryos at IK) hours of iiicHbatioii, taken through tlie shell of the agg. 
Owing to slight movements during the 10-minute expewures used in taking these pictures, the bodies of tlie 
embryos are less distinct here than when orientations were measured: A, Normal orientation; B, an 
embryo deviating to the rigid of the normal orientation. In both cases the anterior end of the embryo 
is to the observer's loft. » 

bated in a horizontal position and 1,815 were in eggs incubated in the 
tilted position described above. Figure 2 shows the distribution 
of all these eipb^os at 24 different angles on the yolk. 

The skewed distribution shown in figure 2 indicates that deviations 
occur more often to the right of the normal axis, i.e., toward the small 
end of the egg, than to the left. A similar condition is apparent also 
in the rather limited numbers reported by Dalton (S) and Kopsch (8). 
Unfortunately F4r6’s extensive data are not presented in sufficitot 
detail to permit a comi)arison. Other data in tliis laboratory indicate 
that this skewed distribution of orientations arises from differences 
between individual hens with respect to the early orientations of 
their progeny. 

. Thcf class with the center at 0° and a range of 7.5° on each aide 
contains'1,491 embryos, or about one third of the total number. 
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Obviously tho definition of normal orientation cannot be limited to 
such a narrow class. It has seemed preferable to consider as normal all 
orientations falling within the 
quadrant bounded by radii at Small 

45® right and left of the so- 129 

called normal axis at 0 ® (fig. 

2 ). The classes exactly at 
45® right and 45® left contain 
480 and 117 embryos, respec¬ 
tively. These cannot all be 
classed either as normal or 
abnormal, but by allotting 
them to the groui)s of normal 
and abnortnal orientations 
in the proportion of 506 :291 
(right) and 243:76 (left)-- 
the frequencies in the two 
adjacent classes of orienta¬ 
tion it was possible to de¬ 
termine the number belong¬ 
ing in the normal (|uadrant. 

This permitted a com])ari- 
son of the writers^ determina¬ 
tions with those of Fere (>^), 

Rabaud (7(7),and Kopsch (<^), 
which is shown in table 1 . 

It is evident from these data 
that with large numbers of 
chick embryos 75 percent of 
their orientations are to be expected within the normal quadrant. 

Table 1. — The proportion of normal orientations in the present data compared with 

those in other investigations 



Figurk 2 -DistrihutioTi of 4,721 chick embryos oriented 
at different angles vith respect to the principal axes of 
the egg at 4 days of Incubation 


Investigators 


t'avers and Untt 

. 

Kopsch W_ 

Habaiid 


Method of obscrv at io?i 

1 

Total 

oripntations 

1 

A’m tnl>rt 

Through slioll | 

i 4,721 

iSlicll removed . . , 

2,926 

--do.- . 

16f) 

1 

lyo 


Orienta¬ 
tions with¬ 
in normal 
(jiiadrant 


Percent 
74 4 
74 9 
62 0 
76.0 


The accuracy of the method was tested by making a second measure¬ 
ment on 204 embryos 12 hours after the first. The eggs were turned 
in the incubator between readings, a procedure which would change 
the orientation if that were not relatively constant. The results, 
shown in table 2 , indicate that the method used is remarkably ac¬ 
curate. Moreover, it has been shown (table 1 ) that the type of dis¬ 
tribution is similar to that obtained by other workers. It is con- 
*cluded therefore that the method of observing positions through the 
shell and using largely the vitelline blood vessels to indicate the 
angles of orientation gives essentially the same result as when the 
body is observed directly after breaking the egg. It has the special 
advantage of not interfering with the viability of the embryo. 
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Table 2.—Comparison of two readings of orientation taken 12 hours apart on the 
‘ same embryosj the eggs having been turned between readings 


Orientation 


Same orientation at both readings_ 

Deviation of 15®... 

Deviation of 30®... 

Deviation of 46®... 

Total . 


Eggs in indicated 
deviation class 


Number Percent 
J09 53.4 

80 30.2 

13 0 4 

2 1.0 

204 100 0 


ORIENTATION AND SUBSEQUENT MORTALITY 

In order that the dead embryos might he examined in good con¬ 
dition and the age at death estimated, the eggs were candled several 
times throughout the hatch. Of the 4,721 embryos whoso orienta¬ 
tions were measured on the fourth day, t3,864 were utilized in the 
study of subsequent mortality. The distribution of mortality among 
these during tnree subsequent periods of incubation and the total 
mortality are presented in table 3. The percentages of mortality in 
any one period e.g., 11 to 17 days, are based on the number of live 
embryos in each of the different classes of orientation at the })eginning 
of that period. The percentages of total mortality are calculated on 
the original 3,864 embryos alive on the fourth day. 

Table 3 . —Embryonic mortality at different periods of incubation in embryos orig- 
inally having different orientations 


Orientation on fourth day ('degree.s) 


J36=fc22.5, left. 

90=fc22.5, left ___ 

45±22 5,left... 

0dr22.5... 

4.5±22.5, right.- . 

»0±22 5, right. 

Ja5db22.5, right.. 

180±22.6.. - 

Total or average ... . 

Of 3,461 Ptnbryos which survived to the nineteenth day, 222 were 
then removed and examined without being allowed to hatch. The 
expected lS-lo-21-day mortality for these has been calculated to the 
nearest whole number in each class of orientation at the rate prevailing 
for that class in the same period among the remaining 3,239 embiyos. 
For example, 26 of those removed had originally been oriented at 45° ± 
22.5° left. The mortality after 18 days among 301 embryos originally 
so oriented, but given an opportunity to hatch, was 52, or 17.3 per¬ 
cent. Accordingly, the expected mortality for the 26 removed was 4 
and the total 18-to-21-day mortality in the class was taken as 56. The 
number among which mortality was actually observed was so large that 
the calculation for the comparatively small number removed is quite 
.justifiable. 

Fo» convenience, and to avoid fluctuations arising from small num¬ 
bers,, tb;e embryos have been grouped in 8 classes of orientation. 
Eachbf.|lkese 8 mcludes 3 of the original 24 classes used when readings 
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were made. For example, the class at 45® ±22.5® right includes 
those embryos originally at 30®, 45®, or 60® to the right of the normal 
position, and, sin(*e these are mid-class values, the actual limits of the 
large class are at 22.5® right and left of the radius at 45® right. 

The distribution of mortality is fairly uniform throughout the dif¬ 
ferent classes of orientation ex(*ept where the numbers are small to 
begin with. Embryos in the class at 135®-f 22.5® left are especially 
favored, the rate of total deaths being less than half that found in the 
rest of the population. This might indicate an advantage to the 
embiyo in being oriented toward the air cell of that egg were it not 
for the fact that in the class at 90®22.5® left, mortality is slightly in 
excess of that of tlie total population. High or low death rates in any 
of the classes with few^ embryos are accoinpanied by (‘ompensating 
llu(‘tuations in adjacent classes and may therefore be attributed to 
chance. It is worthy of note, however, that the lowest total mor¬ 
tality (except in tw^o classes containing small nunibers) occurs in the 
modal class (0® i 22.5®), and that this class is the one containing 
embryos deviating not more than 22.5® from the orientation considered 
the norm for this species. A comi)arison of the mortality rate in this 
group with that for all other embryos reveals the following figures: 

.\fortahfy {perernO 

Nonnallv oriented (1,971) _ .. .- .. - _ - 23.09:1:0.97 

All others (1,893)_ , . . _ 26. 67:} 1. 02 

niffereneo - . ... . ...... 2. 98±1.40 

Difference ty ^ 

Standard error 

vSince the ditrerence between the mortality rates for these two 
gr()ui)S is 2.1 times its standard error, it is statisticially significant, 
and since the rates for every class of abnormal orientation having 
adequate numbers are uniformly higher than that for the normal 
class, it may also safely be considered as biologically significumt. 
This agrees with the finding of Taylor (IS) that eggs oriented normally 
at 6 days hatched better than others by about 5 percent. The 
normal orientation is evidently slightly more conducive to the survival 
of the embryo than are deviations from it. 

It is obvious that the excessive mortality among the abnormally 
oriented embryos occurs in the last 4 days of incubation and that it 
is to a large extent attributable to the comparati^'ely high rate of 
29.2 percent prevailing for embryos originally oriented at right angles 
to the normal orientation and wdth the head toward the small end of 
the egg (90® ±22.5® right). The number in this class, how^ever, is 
too small to indicate by statistic^ methods that its mortality rate 
is significantly higher than that for the normal class (23.7 percent) 
or for the entire population (25.2 percent). The excessive mortality 
in this class occiured chiefly in tlie last 4 days of incubation, and it 
will be shown later that it resulted from an excess of the head-in- 
*small-end malposition. 

The same class of orientation also exhibited high mortality during 
J;he period fi*om 11 to 17 days. More extensive data would be neces¬ 
sary to prove that these embryos are under a handicap during this 
period, btit such a possibility is indicated. Apart from this the mor¬ 
tality prior to the eighteenth day of incubation does not appear to 
be related to the original orientation of the embryo. 

623n7-- 34-4 
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ORIENTATION AND MALPOSITIONS 

All eggs failing to hatch were examined on the twenty-second day. 
The positions were ^corded of embryos which appeared to have sur¬ 
vived beyond the eighteenth day of incubation, as indicated by size 
and by the amount of yolk enclosed within the body. Of *3,239 
embryos which survived to the eighteenth day or beyond and which 
were given the opportunity to hatch, 533 failed to emerge from the 
shell. Some were alive and even pipped, but since they had not 
hatched on the twenty-second day they were considered as dead. 
Almost 65 percent of the 533 embryos were in one or other of the 
five malpositions described on page 517. 

The early orientation of each embryo which died at 18 to 21 days 
is presented in table 4. Included with the frequency of each position 
at that age (o) is the expected frequency (c). The latter numbers 
were derived by allocating the embryos dying in a given position at 
18 to 21 days to the various classes of orientation accoraing to the 
proportions of the 3,239 embryos in those same classes at 4 days. 
If abnormal orientation has no relation to the occurrence of mal¬ 
positions, there should be no significant difference between the 
observed and calculated distributions. The results of tests for good¬ 
ness of fit are given in the two lower lines of the table. In making 
these calculations the classes having small numbers were combined, 
as is recommended by Fisher (5^), to avoid the use of an expected 
number lower than 5. The values of P obtained for the distributions 
of positions normal, I, III, IV, and VI are well above the 0.05 level 
of significance, and differences between the observed and expected 
distributions of these positions may therefore be ascribed to chance. 
On the contrary, the distribution of position II gives a P value 
much smaller than 0.0^1, and the difference betwoen the observed 
and expected values in this case is therefore highly significant. This 
means that more embryos in position 11 are associated with certain 
orientations than would be expected from chance alone. 

Table 4 .—The early orientations of SSS fully for tried embryos found dead in normal 
and abnormal 'positions at age of 18 to 21 days 


Observed (o) and exiHvded (<;) frequencies of iKisitions 


Orientation on fourth day (degrees) 

Normal 

position 

Po.sition 

1 

Position 

Position 

in 

Position 

IV 

Position 

VI 


0 

C 

0 

c 

0 

(5 

0 

C 

u 

c 

0 

c 

135dr22.6, left . .. . 


2.7 


0.9 

1 

1.0 

2 

0.8 


0.5 


1.7 

4.3 

90d=22 5,left.. . 

6 

6 8 

7 

2 4 

2 

2.4 

1 

1.9 


1.2 

8 

45=b22.5, left.. 

15 

17,7 

7 

6.1 

6 

6.3 

5 

6.0 

5 

3.2 

15 

11.2 

0±22.5... 

101 

98.0 

29 

34.0 

19 

85,1 

29 

27.8 

18 

17 5 

62 

62.4 

46d=22.5, right. .,_ 

50 

47.6 

15 

16.6 

26 

17.0 

11 

13.6 

10 

8.6 

28 

30.3 

90±22.6, right--.. 

16 

13.3 

8 

4.6 

13 

4.8 

4 

3.8 

1 

2.4 

5 

8.5 

136db22 5, right.. 

2 

1.0 


.7 

1 

.7 

2 

.6 

_ 

.3 


1.2 

180^:22.6.—. 

2 

2.0 


.7 

1 

.7 


.6 

— 

.4 

3 

1.3 

Total... 

190 

190.0 

66 

05.9 

68 

68.0 

54 

64.0 

34 

34.0 

121 

120.9 

5 .’: 

2. 

34 

80 

1 

1.72 

.22 

U 

< 

'76. 

.01 

- 

uai 

.68 

c 

1^77 

.68 

j 

.46 ' 


T^e relation of abnormal orientation to tke occurreiice of position II 
cle%l^ demonstrated in table 4. The observed occurrences of this 
malpm^on are deficient in the O*’ class and exces^ve in classes at 45° \ 
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and 90® right. It will be recalled that 90® right represents an orienta¬ 
tion toward the small end of the egg and that similarly in malposition 
II the chick is upside down with its head in the small end of the egg 
(fig. 3, B). Abnormal orientation at an early stage is not the sole 
cause of position II, however, for 19 of the 68 embryos dying in that 
position at 18 to 21 days had been normally .oriented on the fourth 
day, and 8 had actually been directed towarcl the large end of the egg. 

The relation of abnormal orientations to subsequent positions of 
the embryo at hatching may also be measured in another way by 
considering what eventually happened to those originally having 
different orientations. The only limitation in such an analysis is 
that the positions of hatched chicks cannot be known with certainty 
and the analysis must be confined to those found dead at 18 to 21 
days of incubation. Only the results for position II are presented 



Fk;ube 3,—Fully formed chicks which failed to hatch A, Normal position, the head under the right wing 
and the beak just entering the air cell; B, position II, the embryo completely reversed with the head in 
the small end of the egg. 

(table 5) because early orientation apparently had no relation what¬ 
ever to the occurrence of the other malpositions. In table 5 the 
frequency of embryos dead in position II for each class of orientation 
is expressed as a percentage of the total number of embryos which 
were in that class on the fourth day and which survived to 18 days. 

Table 5. —Frequencies of position II in unhatched eggs^ expressed as percentages 
of the IS-day live embryos in each class of original orientation 


Orientation on fourth day 
(degrees) 

18-day 

1 embryos 

1 

flmbryos 
dead in 
position 11 

Orientation on fourth day 
(degrees) 

18-day 

embryos 

Embryos 
dead in 
position 11 

• * 

135=1:22.6, left...*.. 

90=b22.6, left. 

46d=22.6, left.. 

Number 

46 

116 

301 

1,670 

811 

Num- 

ber 

1 

2 

5 

10 

26 

Per¬ 

cent 

2.2 

1.7 

1.7 

1.1 

3.2 

90db22.5, right. 

135±22.5, right. 

1H0<4-22 a 

1 

Number 

227 

33 

35 

1 

Nuni’ 

ber 

13 

1 

1 

1 

Per¬ 
cent 
6.7 
3.0 
• 2.9 

rf)4*22.5 . 

Total. 

^6±22.6, right. 

3,239 

68 

2.1 
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^ The 68 cases of position II found among chicks failing to hatch 
represent 2.1 percent of all the embryos alive at 18 days. While the 
frequency of this malposition among the 1,670 embryos alive at 18 
days and originally normally oriented (0®±22.5®) was only 1.1 per¬ 
cent, its incidence among 1,569 similar embiyos originally oriented 
otherwise was 3.1 percent, and among those originally oriented with 
the head toward the small end (90° ±22.5° right) it attained the 
maximum frequency of 5.7 percent. This means that, appt from 
all other causes of mortality, the chance of dying in the head-in-small- 
end malposition during the last 4 days of incubation was, in the 
writers' material as a whole, over five times as great for the embryo 
directed toward the small end of the egg at 4 days of incubation as 
for the one not deviating more than 22.5° from the normal orientation 
at the same age. It will be shown later that this chance was lower 
among eggs incubated in one position than for those in another. 

Taylor {13) has reported finding 50 percent more embjyos in the 
head-in-small-end malposition at hatching time among those abnor¬ 
mally oriented at 6 days than among those normally oriented at the 
same age. From his abstract it would appear that all those not 
deviating more than 45° were considered as normal, and on this basis 
his results would seem comparable to those just given. 

Further and somewhat more direct evidence of the influence of 
abnormal orientation upon the occurrence of malposition II is fur¬ 
nished by the data for 222 embiyos which were all examined on the 
nineteenth day, and none of which were allowed to hatch (table 6). 
Position II occurred in 6.3 percent of these embryos. The numbers 
involved are small for the purpose of calculating percentages, but 
they do illustrate the marked tendency of embryos oriented toward 
the small end of the egg on the fourth day to be in a similar position 
at hatching. • 



The higher frequency of position II among these embryos than in 
those failing to hatch might be taken to indicate that a considerable 
proportion of chicks in this malposition are able to hatch were it not 
that the numbers involved are too small to permit a conclusion and 
that these eggs were all incubated in the horizontal position. As 
will be shown later, this position during incubation is particulip’ly 
conducive to the asstimption of the head-m-small-end malposition. ^ 
On the other hand, 9 of the 14 embryos originally oriented directly 
toward the small end of the egg (class 90° light, table 6), had suc¬ 
ceeded in correcting their position before the nineteenth day. Of the^ 
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78 embrj^os orie^ntod in the half of the egg away froni the air call 
(45° 90°, and 185° right) only 9, or 11.5 percent, retained that 
position. It is evident, therefore, that only a small proportion of these 
abnormal orientations have resulted in position 11. Other mal¬ 
positions in these same 222 eggs o])ene(i on the nineteenth day 
occurred ind(»pendently of tlie early orientatimi. 

REDUCTION OF THE RISK FOR ABNORMALLY ORIENTED EMBRYOS 

In the fifth paper of this series Uutt and Pilkey (7) showed that 
position II is significantly more frecpient in eggs incubated in a hori¬ 
zontal position than in those tilted at 45° with the large end up. The 
question naturally arises whether the tilted position makes it easier 
for all embryos to assume the correct position for hatching or whether 
it gains its advantage chiefly by facilitating the escape from the 
liead-in-srnall-end malposition of the embryos originally oriented 
toward the small end of the egg. Analysis of the material upon which 
the ])resent paper is based sheds some light upon this problem. 

Of the 8,S()4 embryos of knowm orientation which were utilized 
in the study of subsequent mortality and malpositions, 2,t)49 were 
incubated in the horizontal ])osition and the remainder in the tilted 
position, all being horizontal after the eighteenth day. In table 7 there 
is shown the effect of the tilted position upon the incidence of position 
II in cjubryos originally oriented (1) at 90°-l *37.5° right and (2) any 
and all other ways including the normal orientaton at 0 °:i 25°. The 
222 embiyos examined on t&^ nineteenth day were deducted in deter- 
.miniug the number of 1 S-day embryos. Ac(*ordingly, the fig\ires rec'ord 
the incid<‘nce of chicks dead in position II among embryos alive at 18 
days and given the opportunity to lmt(*.h. The inevitable slight 
error from the i)robability that some of those in that iiialposition had 
hatched is distributed equally to the two groups and therefore does 
not prejudice the data. 

Tablk 7.-- Ejfect of the pumtion of the incubating egg upon the incidence of position 

II in embryos originally oriented with the head toward the small end and in those 

oriented otherwise 


PosiUon duririK incubation 


Embryos originally oriented 90®i37.5®, 
right’ 

Horizontal. 

Tilted.. 

Embryos In all other orientations 

Horizontal.-. 

Tilted. 


Total 

em¬ 

bryos 

Embryos 
oriented in the 

Embryos 
alive at 

Embryos 
subsetiuent- 
ly dead in 
position II 

at 4 
days 

given class 

18 days 





Num¬ 

Per¬ 

Number 

Number 

Percent 

Number 

ber 

cent 

2.049 

274 

13 4 

210 

19 

9.06 

1,816 

m 

13 2 

209 

4 

1.91 

2,049 

1,775 
1,57($ 

86 6 

1,388 

23 

1 60 

1,816 

80.8 

1,432 

22 

1.64 


Oiffereuco 
between per¬ 
centages dead 
111 position II 
in horizontal 
and tilted 
positions 


} 7. U±2 19 

} 0 12±() 47 


.The percentages of the total number of embryos which were ori¬ 
ented toward the small end do not differ significantly in the hori¬ 
zontal and tilted eggs. This is to be expected if the orientation is 
established in early stages of cleavage. The fact that the expe(;ta- 
.ion was realized indicates that the method used has permittetl the 
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determination of the original orientation at a stage before it mi^ht 
be concealed by movement of the embryo or modified by the position 
of the inctibating egg. 

Among all the embryos not originally oriented within the sector 
bounded by radii at 37.5° right and left of the small end, there is no 
significant difference between the frequencies of position 11 in the 
horizontal and tilted eggs. These embryos constitute 87 percent of 
those alive at the eighteenth day and are sufficient in number to reveal 
even a small difference between the horizontal and tilted positions if 
there were one. On the other hand, among those originally oriented 
within 37.6° of the small end, the frequency of position 11 is nearly 
five times as great in the eggs incubated in a horizontal position as 
in the tilted ones. The difference—7.14 percent—is 3.3 times its 
standard error and therefore statistically significant even in the rela¬ 
tively small numbers available for compari.son. 

On the basis of this analysis and of the data in table 5 it seems safe 
to conclude that for all embryos surviving to 18 days there is some 
risk of subsequently dying in position II and that for about 87 percent 
of them that risk is only slightly lessened, if at all, by incubation in 
the tilted position. Table 5 indicates that this risk is smallest 
for those not originally deviating more than 15° from the normal 
orientation. 

The chances of death in the head-in-sin all-end malposition after the 
eighteenth day were approximately as follows for embryos in the 
different classes of orientation at 4 days or earlier in the writers’ ma¬ 
terial: 

For embryos at 0°±22.5'' (normal), 1 jier 100. 

For other embryos, not within 37.5“ of small end, l.(i per 100. 

For those at 90° ±37.5“ right of normal, if tilted, 2 per 100. 

For those at 90“ ±37.5° right of normal, if horizontal, 9 per 100. 

Hutt and Pilkey (7) iiointed out that one way to reduce the mor¬ 
tality attributable to this malposition would be to incubate the eggs 
in the tilted position with the large end up during the critical penod 
when the embryo is becoming fixed in its position with relation to the 
long axis of the egg. From the studies of Byerly and Olsen {2) this 
period would appear to bo during the second week of incubation, 
while Kuo {9) terminates it by the eleventh day. The analysis given 
above shows why such treatment would be effective. 

DISCUSSION 

The frequent failure of chick embryos to attain the normal position 
for hatching imdoubtedly accounts for the peak of mortality which 
occurs during the last few days of incubation. The head-in-small-end 
malposition (fig. 3, B), which has been shown in this study to result 
in some cases froni incorrect orientation, places the embryo at a 
double disadvantage. With its head in the small end of the egg 
there is usually much less room for the embryo to work while initiating 
Md carrying out the process of hatching. Moreover the air cell is 
inaccessible as a source of air to supplement the allantoic respiration 
before the shell is pipped. ' ' 

• Evidence has been gathered at this laboratory which shows that 

K sition II is likely to be fatal in the majority of cases, but on the other 
hd, a few chicks in, this malposition have been definitely observed 
by tW W”*®™ to hatch. It would appear, therefore, that though th ‘ 
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head-in-sniall-end position is usually fatal, it is not so invaria^ily. 
This is not in accord with the opinion of Reaumur (ii), who noted 
the malposition as early as 1751 but did not consider it a handicap. 

Although position II seems to be of relatively infre(iuent occurrence 
when the total number of fertile eggs is considered, it accounts for 
no small portion of the mortality in eggs incubated in a horizontal 
position. Over 18 percent of 5,050 embryos dying on or after the 
eighteenth day in eggs so incubated were found by Hutt (6*) to be 
in position II, From the data in table 7, which indicate that at 
least 10 out of 42 cases of position II in horizontal eggs resulted from 
abnormal orientation, it would appear that about 45 percent of 
such deaths, or about 8 percent of the mortality in the last 4 days of 
incubation, is tra(*eable in horizontal eggs to abnormal orientations. 
This amounts to a little less than 4 percent of the total mortality. 
From the data in table 7 it would appear that for tilted eggs the 
mortality from this cause is considerably less than this figure. 

Suc(‘essive readings of orientation in the present study have shown 
that the extra-embryonic blood vessels and the yolk have a relatively 
constant relationshij) to the long axis of the egg from 72 to 9() hours, 
and that this relationship is maintained in most cases until the end 
of the sixth day. During this period the vitelline blood vessels serve 
to anchor the embryo in a fixed position upon the yolk, and the 
chalazae, in turn, maintain the yolk in a fairly constant relationship to 
the long axis of the egg. Kuo {9) points out that the restraint 
exercisecl u])on the movements of the embryo by these two factors 
jMU’sists in varying degrees up to the tenth day of incubation. This 
is undoubtedly why some of the embryos originally directed toward 
the small end are never able to escape from that initial handicaj). 
On the other hand, after the fifth day the embryo moves with increas¬ 
ing freedom up to the tenth day or slightly later (Kuo). This, in 
turn, explains why, in the writers' material, 98 i)ercent of 200 embryos 
originally oriented within 37.5° of the small end were subsequently 
able to assume the normal head-in-large-end position in eggs incubated 
in the tilted position. Evidently (he freedom of movement which 
permits such a shifting is somewhat more restricted in the eggs 
incubated in the horizontal position. 

Further tests will be necessary to determine whether or not the 
occurrence of position II independently of the original orientation 
can be overcome by such manipulations as multiple turnings or 
turning the eggs in more than one plane during the critical second 
week when the head-in-small-end position is apparently established. 

It is particularly interesting that the orientation associated with the 
lowest total mortality rate should also be that in which the greatest 
number of embryos is found (table 3). The rates 11.1 and 23.7 per¬ 
cent in embryos oriented at 135°±22.5° left and 135°±22.5° right 
are based on small numbers, and can therefore hardly be compared 
with the others which are based on over 100 embryos in each class. 
Apart from these two classes, the embryos not deviating more than 
22.5° to right or left of the normal position have the lowest rate of 
^mortality, one which was earlier shown to be significantly lower than 
that for* all other orientations combined. The numbers in the five 
largest classes seem amply large to rule out the possibility of this 
being a coincidence, but further data bearing on this point are 
desirable. 
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Tlie special interest lies in the probability that the orientation at 
right angles to the long axis of the egg, and with the head to the left 
when the small end of the egg is directed away from the observer, has 
become the normal and the modal orientation because of its survival 
value. vSuch an explanation is tenable only if the angle of orientation 
of the embryo is in some-measure an inherited character. Obviously 
it is not a character of the embryo, but rather one that is maternally 
determined. If of two hens one should produce eggs containing 
embryos oriented within a very narrow range from ()°±22.5®, and 
another yield embryos with a much wider scatter of orientations, or 
within a narrow range but one deviating from the normal, the progeny 
of the first would have a slight advantage over that of the second. 
If the tendency exhibited by the first hen were inherited it would be 
preserved by natural selection and would in time become established 
as the normal for the species. Unpublished data collected by the 
writers support this hypothesis. 

SUMMARY 

The orientation of 4,721 chick embryos was accurately determined 
by candling, without breaking the shell, at 84 to 90 hours of incubation. 
Seventy-five ])ercent of these embryos lay within 45° right or left of a 
line at right angles to the long axis of the egg and with tlieir lu'ads to 
the loft when llie small end of the egg was directed away from tlie 
observer. 

The mortality rate for embryos originally normally oriented was 
significantly lover than that for all the remaining embryos. 

Abnormal early orientation had apparently no markedl.y adverse 
effect upon the viability of the embryo until tlie last 4 days of 
incubation. * 

One malposition of the fully formed embryo, that in which the body 
is upside down with the head in the small end of the o"g, was five 
times as frequent among embryos which had been oriented toward the 
small end of the egg on the fourth day as among those then normally 
oriented. 

When eggs containing embryos oripnally oriented within 37.5° of 
the small end of the egg were incubated in a tilted position with the 
large end up, the frequency of the head-in-small-end malposition was 
reduced to 1.9 percent, but among such e^gs incTibated in a horizontal 
position its frequency was 9 percent. Tilting the eggs did not mate¬ 
rially reduce the frequency of this malposition among embryos having 
other initial orientations. 

Four other malpositions appeared to be independent of the original 
orientation of the embryo. 

It is suggested that the normal orientation of the cliick embryo has 
been evolved and established by virtue of the greater survival value 
which it confers upon the embryo. 
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COLORADO AND VIRGINIA STRAINS OF CODLING MOTH 
IN RELATION TO THEIR ABILITY TO ENTER SPRAYED 
AND UNSPRAYED APPLES* 

By Walter S. Houoh- 

Entomologisl, Virginia Agricullural Experiment Station 
INTRODUCTION 

The amount of arsenical insecticide applied to control the codling 
moth {Carpocapsa pomonella L.) increased steadily in the leading 
apple-growing sections of the country until the amount of excessive 
spray residue on the fruit became a prol)lem in the fall of 1925. 
Increased competition in the production of clean fruit and the con¬ 
centration of orchards in certain areas, with the resulting increase in 
codling-moth population, have, doubtless, contributed to the necessity 
of increasing the number of sprays. The codling moth, liowever, 
continues as the major apple pest in spite of this. Just why this should 
he tnie is difficult to explain fully, hut some of the possible factors 
involved are presented in this paper. The codling-moth material 
used in tliis study originated in two orchard districts having wide 
differences in requirements for control, namely, the Grand Valley of 
Colorado and the Shenandoah Valley of Virginia. A brief history of 
(X)ntrol requirements in each district is reviewed here. 

An investigation of codUng-moth control work in Virginia revealed 
that very few commercial apple orchards in the Shenandoah Valley 
were sprayed prior to 1900. According to pioneer growers the first 
orchard sprayer used in the Winchester district was soon after 1900. 
Up to 1915 the general practice was to apply one spray, the calyx 
application. In 1909 Quaintance and others (10) “ demonstrated the 
efficiency of the calyx spray alone in controlling the codling moth 
in a nximher of orchards in the easteni part of the United States. 
Two of the orchards were in Virginia. From 1916 to 1920 the num¬ 
ber of codling-moth sprays was increased to two, and in a very few 
instances to three, in the best-managed orchards. The. author came 
to the Shenandoah Valley in 1921, a year when no sprays were applied 
because the apple crop was frozen. From 1922 to 1930 the number of 
applications was increased to four in the best-managed orchards. 
Because of economic conditions the number of sprays has not been 
increased since 1930. 

A summary of the history of sprajdng for codling-moth control in 
the Grand Valley of ('olorado was given to the writer by Dr. George 
List of the Colorado Agricultural Experiment Station in a letter 
dated December 8 , 1928, as follows: 

The first accurate record of the codling moth in the Grand Valley was in 1891. 
At that time the moth was just getting well established and was attracting some 

1 Received for publication Nov. 26,1933; issued June, 1934. 

2 The author acknowledges the assistance of Jl. F. Hatcher, Mr.^ A B, droves, Miller McDonald, 
Holmes Frie.s, and Earl Luttrell, who did much of the routine work involved in this study. Fig. I was 
photographed by Dr. A. B. Groves. 

' s Reference is made by number (italic) to Literature Cited, p 562. 
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atteiijtiion. A few of the growers began to spray about that time, but spraying was 
not general for some three or four years. 

For a number of years only the calyx application was made. In 1900 and 1901 
it was generally recommended that one cover spray be applied in addition to the 
calyx spray. In 1904 two cover sprays were quite generally used and a few of 
the growers were applying a third. During all of this time the percentage of loss 
was (jiiite low, as compared with present losses. From 2 to 5 percent of wormy 
fruit was considered a very heavy loss. In 1900 the general recommendation was 
for five applications, the calyx and four cover sprays. 

In 1907 Dr. Gillette and K. P. Taylor carried on an experiment in an orchard 
in that section in which they used a number of combinations. They came to the 
conclusion that four sprays were all that was necessary. In spite of this, however, 
the number of applications continued to increase. In 1909, which was the year 
of my first experience in that section, the general practice was to juake five or six 
applications. By 1914 the infestation continued to increase, and six or seven 
sprays were used by practically all of the growers. From 1914 to the present 
time we have had demonstration blocks practically every year, and we have been 
testing the number of applications as well as a number of other points. In spite 
of all the information wq. have been able to get and to give the growers, the num¬ 
ber of applications has been increasing and the results have not been as good 
generally as in former years. During the last four or five yt'ars the growlers have 
been applying from eight to ten sprays and as high as twelve is iK)t uncommon. 

Tlie wide difference in requirements for control is usually attrib¬ 
uted to the infltience of such environmental factors as climate and 
natural enemies, or to other local ‘^'onditions.’’ It has been shown 
(6*, 11, 12) that the seasonal history of the codling motii in the 

Grand Valley of Gohmulo and the Shenandoah Valley of Virg:inia is 
similar, even to the time of deposition of the various broods of eggs. 
A comparative study of the codling moth from the two valleys was 
undertaken at Winchester, Va., in 1927.' It was hoped that informa¬ 
tion might be obtained concerning some of the reasons for the wide 
difference in requirements for control and in the number of si)rays 
applied. Results of the firet two season’s work show {4, />) that the 
Colorado larvae were distinctly more succe^ssful in entering apples 
sprayed with lead arsenate and that crosses between the (Colorado 
and Virginia moths were intermediate between the parent strains 
with respect to their ability to enter the sprayed fimit. 

From 1929 to 1933 studies were included to determine whether 
the apparent tolerance is specific for arse^iic, and to observe the effect 
of the Virginia climate on the Colorado strain and crosses, also the 
effect of rearing larvae on sprayed fruit e.xclusively, and something 
concerning the nature of the differences already demonstrated. 
Unless stated otherwise, the variety of apple used was the Arkansas 
(Mammoth Black Twi^). 

Thorpe {IS) has reviewed the literature on the subject of insect 
strains or races. 

METHODS 

In comparing the ability of the larvae to attack sprayed fruit, the 
apples were sprayed by the writer in aU instances. The calyx end of 
each apple was covered with shellac, and the apples were then sus¬ 
pended by their steiiis for spraying. Two sprays were applied, the 
second application being made as soon as the first coating had dried. 
Attempts were made to coat the apples alike in each test, and the. 
residue was considerably greater with the double than with a,single 
spraying. As soon as the spray material dried, codling-moth eggs 
wijre placed on the apples (average of 10 per apple) in the manner 
itlreiady described and illustrated by Hough (5). Eggs of the same 
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age were used for all strains in each experiment. The fruit was sus¬ 
pended in an insectary screened on all sides. The eggs hatched within 
1 to 3 days after they were placed on the apples, and the fruit was 
examined 5 to 10 days after the eggs hatched. 

Each year a fresh supply of lead arsenate was obtained for the 
experiments. The same commercial brand was used from 1927 to 
1933, inclusive, except in 1929 when it was necessary to secure a 
fresh supply of another brand. The cryolite used in 1929 was a syn¬ 
thetic product whereas the cryolite used in 1933 was a natural product, 
processed for insecticide purposes. 

Standard Weather Bureau maximum and minimum thermometers 
were used for recording temperature. A wet-and-dry-bulb hygrometer 
was used for humidity observations. Where larvae hatched in a 
saturated a1.in()S])here the fruit was suspended in battery jars (gallon 
size), which contained about 2 inches of water. The top of each jar 
was closed with moisture-proof cellophane. When newly hatched 
larvae were confined in a saturated atmosphere the young worms were 
kept in closed Stender dishes containing a close-fitting disk of water- 
soaked blotting ])aper on the bottom. 

A ludanc(‘ having a- sensitivity of 0.01 milligram was used in weigh¬ 
ing the larvae. One hundred newly hatched larvae were weighed at 
the same time. The larvae were collected in a straight-edged vial 
(one half inch in diameter and V/i inches high), a piece of cheeseclotli 
was stretched over the oi)en top and the vial placed in a cyanide 
bottle just long enough to render the larvae quiescent. This usually 
required about 20 minutes. U])on removal from the cyanide bottle 
and just before weighing, the larvae were carefully counted by placing 
one larva in each of 100 s((uares. ^Mien comparisons were to be made 
between strains, the work of collecting, preparing, and w^eighing each 
strain took ])lace at the same time. 

(Jranular ])otassiuin cyanide was used in preparing the cyanide 
bottles in whi(*h the newly hatched larvae were fumigated. Close- 
fitting disks of blotting paper kept the granules in the bottom. No 
water was added. Newdy hatched larvae were collected in straight- 
edged vials as des(‘ribed above and fumigated for the desired period. 
With each fumigation the cyanide bottles were altered between the 
fk)lorado and Virginia larvae. In 1931 and 1932 pint fruit jars served 
as cyanide jars for fumigation of the eggs. In 1933 a large museum 
jar (35 by 30 centimeters) was used, so that all eggs of the various 
ages desired and of ea(*h strain could be fumigated simultaneously in 
the same chamber. To accomplish this, two circular wire baskets 
w^ere made, eacn having six equal compartments. Twelve pear leaves 
or pieces of cellophane containing the eggs w^cre placed in (uicli of the 
12 compartments, about one half inch of granular cyanide covered 
the bottom of the jar, and over the baskets there were four 4-inch 
Petri dishes filled with granular cyanide as shown in figure 1. 

Second-instar larvae and mature larvae were fumigated in the 
museum jar just described. The larvae w^ere first placed in Stender 
dishes, and each dish w^as covere<i with a fine-meshed wire gauze. 

In the course of this investigation it was soon learned that do.sages 
of insecticides (sprays or fumigants) could be made too great or too 
small to bring out any differences in the vitality of the individuals 
under tost. When the dosage was too great, the kill approaclfed 1Q() 
percent for all strains. When the dosage was too small, the proportion* 
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of survival was so nearly the same for all strains as to mask any 
differences in their vitalitj^. Correct dosage is absolutely essential in 
a comparative study of this kind. 

DESIGNATION OF STRAINS 

The Colon^do strain consisted of larvae received October 24, 1927, 
from Grand Junction, Colo. Each generation was reared on un¬ 
sprayed apples or on 
apples which carried 
only a very small 
amount of spray ma¬ 
terial. 

The Colorado-K 
strain was received 
from Grand Junction 
November 12, 1928. 
Each generation was 
reared on apples 
sprayed with lead 
arsenate just before 
the fruit was placed 
in the rearing jars. 

The Virginia strain 
was from nativestoek. 
Each generation was 
roared on unsprayed 
apples or on apples 
which carried only a 
very small amount of 
spray material. Lar¬ 
vae of this lot and 
the Colorado strain 
and their crosses were 
always reared on fruit 
which carried very 
little or no insecticide. 
The Virginia-K 

FkhirkI “Fumigation jar showinff method of fumigating eggs on leaves ofrniTi nlcn frnm 

placed in circular wire baskets of six compartments each. Shram aiSO Came ITOITl 

native stock. Each 

generation since July 1, 1929, was reared on apples sprayed with 
lead arsenate just before the fruit was placed in the reanng jars. 

The Colorado-Virginia crosses were the progeny of crosses made with 
moths in July 1928. The Fi generation was reared in 1928, the F, 
and Fs generations in 1929, and so on, ending with F^ generation in 
June 1933. « 

The fruit used for the Colorado-K and Virginia-K larvae was first 
placed in a single layer on large wire trays (2 by 6 feet). A bucket 
sprayer was used to apply the lead-arsenate spray to all sides of the 
fruit until dripping began. For the Colorado-K larvae the fruit 
received lied arsenate at the rate of 1% pounds per 100 gallons in the 
early years of the work, but this was finally increased to 4 pounds. 
For thp Vir^a-K larvae lead arsenate was used at the rate of 1 
..plSund ai;(;4 increased to 2 pounds per 100 gallons. 





Mar 15.1934 


Ability of Codling Moths to Enter Apples 537 


EXPERIMENTAL RESULTS 

STRAINS 

At tlie close of the work in 1928 the question naturally arose as to 
whether the demonstrated difference between Colorado and Virginia 
larvae was specific only for arsenic. In 1929 such nonarsenicals as 
cryolite, barium fluosilicate, and rotenone were used in comparative 
tests with lead arsenate. The results (table 1) show that the Colo¬ 
rado larvae were distinctly more successful in entering fruit sprayed 
with any of the insecticides used. Of course, it was possible to use a 
material at such a strength that the difference was small as in the 
case of experiment 11 in which barium fluosilicate was used twice at 
the rate of 8 pounds per 100 gallons. Eggs placed on the apples 
sprayed with rotenone hatched 3 days after the spray was applied; 
and in the case of the other materials the eggs hatched within 1 to 
8 days after the application of the spra 3 ^s. 

In experiment 7 the larvae designated as Colorado-K were from 
eggs deposited by the spring brood of moths, which came from larvae 
received from Grand Junction, Colo., on November 12, 1928. It 
apjiears that the Colorado-K and (^olorado larvae were alike with 
respect to tlieir ability to enter fruit sprayed with lead arsenate. 
Henceforth, the Colorado-K larvae were reared on fruit sprayed with 
lead arsenate a short time before the larvae hatched. 

During the season of 1929 as well as in all succeeding seasons it was 
diflicult to a('count completely for the differences in the percentage of 
(‘ontrol obtained. Temperature at the time of hatching of the larvae, 
variation in the sjiray covering, and the variety of a])ples used in 
different experimenfs may have contributed to the differences. Some¬ 
times it seemed that the spray adhered to the fruit, better than at 
other times, in spite of the fact that the applications were made as 
nearly alike as possible. Humidity or slight air movements at the 
time of spra^dng might have contributed somewhat, but the chief 
cause seemed to be the result of variations in the w ax coating of the 
fruit. Markley and Sando showed {9) that the apple skin undergoes 
progressive changes in constituents and physical properties during 
growth. Ursolic acid and oil increase in amount, wdth oil increasing 
more rapidly as the apple ap])roaches maturity. Furthermore, they 
showed that the apple skin on the sunny side contains larger quantities 
of oil than that on the shady side of the same fruit, while the opposite 
is true for ursolic acid content. In picking apples for the experiments 
reported herein no attention w^as given to the part of the tree from 
which the apples came. It follows that there must have been varia¬ 
tions in the oil content of the skin of the fruit used. 

In considering the factors influencing variations in control as 
recorded in table 1, the average number of eggs placed on each apple 
was 10 and the percentage of hatch was approximately the same for 
each strain in a given test. The munber of apples used, however, was 
not always the same for each strain in a given test and the total 
number of apples used in each experiment was not always the same. 

During the season of 1930 the lead arsenate tests were repeated in 
experiments 12 and 13 to learn whether any important change had 
taken place in the comparative ability of the Colorado and Virginia 
larvae to enter sprayed fruit. No important change was apparent ir^ 
the results obtained. The results of similar experiments in 1932 and 
1933 also failed to indicate any important change in either sj^ain. 



rLE 1. —Comparaiive tests with Coloradoy Virginia, Colorado-K, and Virginia-K codling-moth larvae on apples which received 2 applications 

of an arsenical or a nonarsenical spray ^ 
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Bentonite nicotine,*' | 
6 pounds, and mco- 
tine sulphate, 1 
pint in 100 gallons i 
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After rearing Colorado-K larvae on sprayed fruit through 7 genera¬ 
tions and Virginia-K larvae through 6 generations, the eighth genera¬ 
tion of Colorado-K and the seventh generation of Virginia-K larvae 
were included in tests made in eTuly and August 1932, The results are 
given in experiments 19 and 20 (table 1). Colorado-K larvae were 
more efficient than Colorado larvae in their ability to enter and injure 
the fruit. A surprising difference was shown between Virginia-K and 
Virginia larvae, the former being distinctly more successful in entering 
the sprayed apples. (\)lorado larvae continued to demonstrate their 
superiority over Virginia larvae in their ability to enter sprayed fruit. 

In the six experiments of 1933 (table 1) the order of success with 
which the larvae entered fruit sprayed with lead arsenate was 
('’olorado-K, Colorado, Alrginia-K, and lastly Virginia. The same 
Older was also maintained in all tests with nonarsenical insecticides, 
exce])t with nicotine in experiment 24 and cryolite in experiment 25. 
The fact that the Colorado-K strain did not exceed the (Vilorado strain 
in yierccntage of live larvae in experiment 25 might have been due to a 
slightly heavier coating of cryolite on the apples attacked by the 
(Vlorado-K larvae. In experiment 24 as well as in experiment 23 the 
heavy deposit of nicotine tended to obliterate marked differences 
between the strains. In these exjieriments the larvae hatched 2 days 
after the apples were sprayed with nicotine. 

Three sets of cross(»s weie made and the ri'sults of tevsts with the 
progeny of each were jireviously reported as shown in table 2. The 
first and second sets were discontinued after the F 2 generation of eacdi 
cross was included in the tests of 192-8. All subsequent experiments 
were made with the progeny of the third set of crosses and the results 
of these experiments are given in table 3. 


Table 2.~-Cross #,s of the Colorado and Virginia codling ynolhs 


Set of crosses 


First' . 

Second . 

Third .. - 



"1 

Previously reported tCvMs w it h each generation 1 

Oosvses made 

Kxiieri- 

Date of 

(lenera- 

Refer¬ 


inent no. 

exiienment 

tion 

ence “ 


r~2'' 

f 

July 20,1927 

_ 

Fi 

(4) 

June 1927-- - 

.3 

4 

Xutj, 10,1927 
June 8,1928 

F, 

Fi 

U) 

(^) 


5 

June 22,1928 

F2 

(S) 

.May I92S 

4 

June 8,1928 

Fi 

(•^) 

1 fi 

Am. 9,1928 

Fj 

(5) 

July 1928 

0 

- ..do. 

F, 

(-5) 


« Reference is to Literature Oite<i 


In 5 of the 8 tests recorded in table 3 the cn)ss Colorado female x 
Virginia male was more successful in entering the sprayed fruit than 
was the cross Virginia female X Colorado male. If the totals of the 8 
tests are considered, the results are as follows: Colorado female XVir- 
^a male 3,942 eggs hatched, 368 live larvae or 9.3 percent; Virginia 
female X Colorado male, 4,202 eggs hatched, 330 live larvae or 7.8 
percent. Both crosses maintained an intermediate position between 
the parent strains in the proportion of larvae which entered the frhrt.. 
Tame 1 gives the lesults for the parent strains in the same experiments, 
wh^h may be identified by the experiment number. Parent strains 
i^ere not included in experiments 10 and Ua of 1929 and the Colorado 
straM not included in experiment 15 of 1931. 
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Table 3. —Comparative tests with the and succeeding generations of the crosses of 
the Colorado and Virginia codling moths on apples vdiich received '2 applications 
of spray at the rate of pounds of lead arsenate to 100 gallons of wafer 


Exponment no , date, and apple varielj 


("ross and generation 


Eggs 
hut ched 


ft, July 17, 1929, York Imperial.- 

10, Jul,\ 2r», 1929, York IiTi|)0nal .. 
11 ii. Vug 12, 1929,Turk Imperial 

12, June II, 1930, Y'ork linjjcrial 

13. Sei>l 4, 1930, York Impenal 

1 .‘, July 23’, 1931, Aikaiisa^ 

21, June 7, 1933, Arkansas 

22, June M, 1933, Haldwiii (‘P 


VI 


F|ti 


• cfl *■■''' 


Ni/ m- 
ber 
510 


.'if*!. 


570 ' 


4S.5 


1 “'1 

I .« 2 j 

■' 395 i 

I 

I I 

1 4r.K I 

; ! 

I 

i 

' tu>; 

I 421 • 

I 420 ‘ 

’ 15.5 ' 

I 


Live larvae 


Num¬ 

ber 

30 

Per- 
cnit 
,5 8 

U) 

3 2 

10 

" ‘ i 

.53 

9 2 1 

n 

2 S 1 

30 

.5 9 i 

.54 

S .5 

.5S 

14 7 

37 ' 

7 7 

<1.5 ! 

13 k 1 

33 I 

i 

4 7 i 

1 

4k ! 

7 (5 ' 

1 

12 2 , 

4.^ I 

10 2 i 

;) 

If) 9 j 

55 , 

12 0 ! 


Touil iiijune‘< 


Nutn- 

bir 

199 

Per- 
i'i nt 

3ft 0 

170 

30 1 

20s 

37 4 

229 

3ft 7 

140 

28. 8 

lift , 

2ft < ; 

280 

44 3 

J84 

40 0 

100 

i 34 4 

1K2 

! 38 ft 

283 ! 

40 1 

272 

42 7 

111) 

3,5 ft 

>:« 

31 r. 

210 ! 

.51 1 

201 ' 

44 8 


In all the work with the three sets of crosses 15 comparative tests 
W(‘re made from 1927 to 1933. In 7 of the exjjeriments the cross of 
\'ir}^inia female X (kdorado male sliowed a sli»:litlY hi^lier percentajre 
of live entrants, whereas the (hdorado fenude X Virginia male was 
slightly more successful in 8 of the tests. Eacli cross sliowed a 
slightly liiglier percentage of live entrants in 2 of the 4 tests with 
larvae from the first set of crosses. Tlie Virginia female X Colorado 
male was slightly more successful in both ex])eriments wdiich included 
larvae from tlie second set of crosses. In tlie third set, the (\)lorado 
female X Virginia male showed a liigher percentage of live larvae in 
6 of the 9 tests, <S of which were made between 1929 and 1933 and are 
given in table 5. It is not clear that one cross was superior to the 
other in its ability to enter the sprayed fruit. It is clear, however, 
that both crosses were siijierior to Virginia larvae but inferior to 
Colorado larvae in this respect. 

BACK CROSSES 

In the spring of 1931 Colorado and Virginia moths of both sexes 
w^ere crossed with moths of the F 5 generation of the cross Virginia 
female X Colorado male. Larvae of the F, and Fo generations of back 
-cjfisses were included in tests with Colorado and Virginia larvae and 
**106 F 7 generation of crosses. The results, given in table 4, show^ that 
crossing back with Colorado moths increased the ability of the larvae 
to enter sprayed fruit, while crossing back wdth Virginia moths didmot. 
In fact, larvae of the F 2 generation of back crosses with Virginia cod- 
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ling moths were not so successful in entering sprayed fruit as were the 
crosses, and w^ere most like Virginia larvae in this respect. It is prob¬ 
able that continued back crossing with the parent strains would have 
restored the Colorado and Virginia types. 

In experiment 14, larvae of the back cross with Colorado males 
exceeded the Colorado strain in the percentage of live entrants. In 
the F 2 generation, however, tlie Colorado larvae were more successful. 
The back cross with Colorado females appeared slightly less successful 
in tlie Fi generation than the back cross with Colorado males. In the 
F 2 generation, however, the back crosses were more nearly alike in 
their ability to enter the sprayed fruit. 

In experiment 16 the percentage of live larvae was reduced for all 
larvae including the checks. It is thought that the chief cause of the 
reduction was the extra amount of lead arsenate on the fruit. The 
fruit was of the Arkansas variety as in the other tests, but the apples 
received an application of lead arsenate in the orchard about 3 w eeks 
prior to the exj)criment. 

Taule 4. —Comparative tests with Colorado and Virginia codling-moth larvae, the 
¥7 generation of crosses and F{ and ¥2 generations of hack crosses on apples which 
received two applications of spray at the rate of 4 pounds of lead arsenate to 100 
gallons of water, lOSl 




Experiment 14, June 13, 
Fi of back (toss 

Experiment 15. July 23, 
Fa of liack cross 

Experiment lO,® Aug 3, 
F 2 of back cross 



Eggs 

hatched 

Live larvae 

Eggs 

hatched 

Live larviu' 

Eggs 

hatched 

Live larvae 

BAf'K CROSS 

Virginia 9\av.] 

Number 

Nu mher 

Pneevt 

Number 

Number 

Percent 

Nh mber 

Number 

Percent 

Colorado d"/ 


M7 

129 

23 (5 

829 

117 

14 1 

394 

31 

7 9 

Colorado cf 
Colorado 9 











Virginia 

Colorado ’ 

Virginia 9\qf^ 
Colorado 

■ . .. 

4(19 

80 

17.0 

849 

109 

12 9 

439 

35 

8. 0 











. 

553 

38 

« 9 

802 

18 

2 0 

386 

5 

1 3 

Virginia cT 











Virginia 9 











Virginia . 

Colorado 

STRAIN AND OENERATION OF 

473 

i 

35 

7 4 

913 

31 

3 4 

455 

8 

1 7 

CROSS 











Colorado . .. 


(125 

128 

20.5 




439 

71 

16 2' 

Virginia. __ 


499 

9 

1.8 

’ 645 

12 

’ i 9 

433 

3 

6 

Virginia 9 1« 
Colorado 


- - 


... - . 

701 

33 

4 7 

376 

10 

2 6 

('olorado 9) r, 
Virginia " 

--- . 

.... 

' ' - 

- 

637 

48 

7 6 

393 ; 

20 

5.0 

Colorado (check). 

_ 







386 

224 

58 0 

Virginia (check).. 

. 



-- - 

— 


__ J 

399 

72 

18 0 


of JuFy experiment lC*were sprayed by mistake with lead arsenate in the orchard during week 


SECOND-INSTAR LARVAE 

Observations in June 1933 on the length of the first instar were 
made by phu^ing 31 newly hatched Virginia larvae on thick slices of 
apples, which were kept in closed Stender dishes to conserve moistufe* 
^e larvae were removed soon after molting. The length of the first 
,, instex ranged from 3.5 to 7 days, averaging 4 days. Jenne (7) found 
the ayerage length of the first instar to be 5.6 days (range 4 to 7 days) 
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for 12 individuals, but lie concluded that handling the larvae dail^j or 
every 2 days in order to place them on fresh pieces of apple caused the 
larvae to develop slowly. 

Colorado and Virginia larvae of the second instar ranging in age 
from 5 to 7 days were taken out of unsprayed fruit in the insec-tary 
and placed on sound apples. Although the second-instar larvae were 
not nearly so active as newly hatched larvae, table 5 shows slightly 
more than Hi) percent of the Colorado larvae and a fraction more than 
48 percent of the Virginia larvae were successful in entering unsprayed 
apples. On sprayed fruit, however, entry was very difficult, and it 
was necessary to reduce considerably the coverage of lead arsenate as 
compared with the coverage used for newly hatched worms in order to 
obtain a fair proi)ortion of survival of both strains. The second- 
instar larva/c were very sluggish when placed on sound apples and were 
inactive much of the time. Some fell from the fruit, others lost mois¬ 
ture and died, while others finally entered the apples. The (\)lorado 
larvae of the second instar aj)peared to be somewhat more successful 
in entering both spraA^ed and unsprayed fruit. 

Table iy.- - (Comparative tests*^ leith Colorado and Virginia codling-moth larvae of the 
second imtor on apples sprayed ivith lead arsenatCj U)SS 


no , dale, and 
aj>i)U* vuruMy 


1, June 29, Arkansa.'i ... 

2, Juno 30, Arkansas 

3, 7, .Aikarisus . .... 

4, Auk S'*2, Arkansas_ 




_ 

— 


-- 

---- 

- 

Ouantdy of 








U*5ui arst*naie 
luT 100 gal- 

Strain of larvae 

Age of Total 
lar\ae ' Jar\ae 

Luc larvae 

'I'otal injurie-? 

lulls 

1 

1 


Num¬ 

Num- 

PtT- 

Nnin- 

Pit- 



Dayti 

ber 

btr 

ff nf 

bn 

Vi lit 

[2 pounds, 1 

1 (’’olorado 

0 

:t(K( 

M 

21 3 

7( 

21 0 

1 spruj 

t\'irKUua 

(5 

300 

30 

10 u 

.52 

17 3 

(’heck (iiol 

(Colorado. . i 

.VO 

ISK) 

12 (» 

H.1 0 

130 

().5 0 

1 sprayed 1 

lUirKiniH ' 

.v-o 

200 

97 

IK 5 

iOl 

.52 0 

I pound, 1 

ijColonido j 

0 7 

2 (M) 

72 

30 0 

80 

40 0 

spraj 

ItVirKima 

0-7 

200 

22 

11 0 

2 S 

14 U 

|('heck (iiol 

[((’olorado 1 

0 

1(H) 

.09 

59 0 

(h1 

03 0 

1 sprayed) 

H'lrKinia . -.j 

« 

i 100 

IS 

4K 0 , 

.51 

51 0 

3 pounds, 2 

(Colorado i 

7 

I 123 1 


3 2 t 

42 

31 1 

sprays 

iVirKuiia. .1 

7 

1.39 1 

‘ 0 ' 


9 i 

0 4 

2 pounds, J j 

(Colorado, . i 

7 

40S 1 

49 

12 0 ' 

207 ; 

.50 7 

si>ray j 

iVirKUila--. I 


427 

33 ' 

1 


139 1 

1 

32 .5 


« In expornnent.s 1 and 2 larvae were placed on the fruit suspended from jiolos in the usual manner In 
experiments 3 and 1 larvae weie placed on the apples in battery jars. 


EFFECT OF TEMPERATURE ON LARVAE 

In the early years of the work it was observed that a lower per¬ 
centage of larvae usually entered the sprayed and unsprayod apples 
in an experiment, when the weather was cool during the period of 
hatching. Table 6 shows the relation between the temperature and 
the percentage of successful entrants found in unsprayed Arkansas 
apples. When the mean temperature ranged from 59° to 69° h\ and 
the maximum from 70° to 82°, 62.4 percent of the Virginia larvae and 
79.9 percent of the Colorado larvae entered the fruit; but when the 
mean temperature ranged from 70° to 82° and the maximum from 82° 
t^ 98°, the successful entrants increased to 76.3 percent for the Vir- 
%gmia larvae and 86 per cent for the Colorado larvae. A careful exami¬ 
nation of percentage of live larvae in the si)raved fruit- in the same 
experiments shows a somewhat similar effect. Cutright (S), using 
controlled temperatures, showed that the increase of temperatures’^ 
within seasonal ranges aids the codling-moth larvae in establishing 
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themselves in sprayed and unsprayed apples. The data given in 
table 8 must be taken into consideration when accounting for varia¬ 
tions obtained in the experimental results. Attention is also called to 
the consistently higher percentage of Colorado larvae as compared 
with the percentage of Virginia larvae found in the unsprayed apples 
in the various experiments. 


Table (l —'Relation hetwpm temperature ani the number of successful entrants of 
Colorado and Virginia codling-math larva^ on unspraged Arkansas apples winch 
were used as checks in the various experimnital tests 




TemiKTtttiire 









durinii lin»e of 

Viririnia strain 

( olorado stiam 



hatehiiiK 







Experiment no 

Yeai 









Mean 

Ma\i- 

inuin 

Lar\ ae 

Live larvae 

Larvae 

Live lur\ ae 



cp 

op 

Number 

Nuviber 

Percent 

Numbtr 

Nu rnher 

} Percent 


1928 

m 

71 

470 

253 

53 8 





1932 

fiO 

70 

4,')5 

319 

70 1 

429 

370 

80 2 


1928 

(57 

77 

480 

295 

(11 4 

438 

3(59 

H4 2 


1928 

(59 

82 

293 

18(5 

(53 4 

398 

299 

75 1 


1932 

(59 

7(5 

2.30 

125 

54 3 

2(K) 

1.50 

75 0 


193.3 

(59 

HO 

29,5 

212 

71 8 

278 

210 

77 (5 

- 

1933 

(59 

80 

290 

179 

(51 7 

30H 

23(5 

7(5 (5 

Total - . - 



. 

2.513 

1,5(59 

(52 4 

2. 051 

1,(540 

79 9 


~1929 ~ 

70 i 

wT 

571 

457 

80 0 

574 

514 

89 5 


1938 

71 

82 

328 

297 

90 5 

395 

352 

89 1 


1930 

72 1 

85 

311 

232 

(57 1 

t05 

351 

8(5 7 


1933 

72 

88 

.427 

304 

71 1 

444 

3(54 

81 9 


1932 1 

78 

89 { 

270 

19(5 

72 (5 

21() 

173 

80 0 


1932 ' 

78 

88 

245 

159 

(54 9 

I 219 

18(. 

81 9 


1933 

80 

98 

378 

292 

77 2 

1 405 

359 1 

8K {> 


1933 

81 

93 

315 

224 

71 1 

1 333 

203 

78 9 


1933 

82 

98 

317 

302 

87 0 

1 343 

307 

89 .5 

Total - - - 




3, 225 

2,403 

70 3 

3,334 

1_ 

2,809 

80 0 


REJECTION OF lH)ISONED MATERIAL BY LARVAE 

Early in the investigation it was suggested that possibly the Colo¬ 
rado larvae rejected more of the poisoned part of the apple in entering 
the fruit. Jn 1930 a careful study was made of (,\dorado and Virginia 
larvae as they worked to enter the fruit. Two small pits about 1 milli¬ 
meter square were cut side by side on the surface of an apple. A drop 
of a solution of arsenic acid was placed .in each pit. In all but the 
last series the solution was stained with gentian violet to enable the 
observer to see where the poison had dried. A recently hatched 
(^olorado larva was placed in one pit and a Virginia larva in the other. 
Both were view^ed simultaneously in the same field of the binocular 
microscope. 

In 20 minutes many of the larvae had buried themselves to such an 
extent that thereafter it was difTicult to make accurate records of 
rejections. Others had quit on account of the action of the poison 
taken into the alimentary tract. The actual number of times each 
larva was seen to bite off a piece of apple pulp and throw it away w^is 
recorded. The totals for each series of observations and all obserwu%, 
tions are given in table 7. The larvae that did nothing in the first 
20 imnutes w^ere not included. Three of these were Colorado and 
two Virginia larvae. None of the larvae was dead at the end of 20 
minutoi. A number appeared sick and had quit work, but it was 
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impossible to conclude from the number of rejections made in cutting 
through the poisoned walls of tlic apple pits which larvae were likely 
to die or live. There was no difficulty in seeing each rejection made 
following the bite cut loose from the apple. It appears that the poison 
each larva takes into its system is accidental and comes from adherence 
of minute amounts of poison to the mandibles. The poison may later 
be carried into the alimentary tract when the larva feeds. The larva’s 
first concern is to bury itself and then feed, but in burying itself it 
cuts through and rejeids the surface of the npple where tlie jioison 
is found. 

Tablk 7 .—Hvjevtions of apple pulp made by newly hatched Colorado and Virginia 
codling-moth larvae during the firnt 30 minutes after beuig placed in pits poisoned 
with a solution of arsenic acid, 19d0 


('oloradci strain 


ViriiJiiia strain 


Sei les no. 


T 0 t a 1 
(nine) 
T <> t a 1 
(dead) 
Pt’rwMi! 


Dilutmn 
of A'-jOs 


I^ai V au 


I 


\livei Doad l 


I to r>,(HK) 
i to l.tKlO 
do 

do . 

do 

do 


12 I 
21 } 


KojeOions iii 20 niiiuite‘' 

Lar\ao 

Rejections m 29 minutes 

Max- 

M Hl- 

'I'otal 

Aver¬ 

Alive 

Oeaci 

Max¬ 

Min¬ 

Tolu! 

ver- 

iiiHini 

_ 

imiiiii 

' “ 

age 

im U19 

imum 

ape 

<2 


175 

17 6 

7 


33 

1 

119 

15 7 






1 



31 

31 9 

29 

2 

112 

IG 0 

9 


35 

1 

79 

12 6 

19 


24 

12 0 


1 

21 

9 

94 

19 9 

»9 

14 

2«1 

29 0 

5 


44 

9 

129 

25 8 



1(1 

K) 9 


5 

33 

ji 

KMl 

29 9 

52 

12 

214 

29 7 

8 


15 


229 

28 9 

29 

7 

27 

l.i 5 


2 

31 

H 

39 

19 5 

70 

4 

185 

M) 8 

5 


93 

19 

179 

35 2 

33 

14 

1 «2 

29 9 


5 

I 

i “ 

1 123 

1 24 9 

3,< 

H 

H5 

17 9 

2 


27 

1 ' 

29 

1 14 5 

" 

0 

3(1 

9 0 




1 ' 

189 

23 2 

! 

i 

i 

l.(X32 

22 9 

33 


1 

1 

1 


1 749 

22 (> 

1 



; 13 7 


25 



' 543 

21 7 

1 

i- 

j KK'i 

i 

59 9 

1 41 1 

1 

j 


1 

1 


Table 7 shows that the 12 Colorado larvae which finally died 
averaged 13.7 rejections per larva as comj)ared with 21.7 rejections 
per larva for the 25 dead Virginia larvae. In other words, the 
Colorado larvae were fatally poisoned after biting off a few^r number of 
pieces and rejecting them, but only 21 percent of the Colorado larvae 
died as compared wnth 43.1 percent of the Virginia larvae. The aver¬ 
age number of rejections per larva made by the live larvae was prac¬ 
tically the same for both strains. 

WEIGHT OF LARVAE 

Campbell (Jf) working with silkworms showed that the minimum 
lethal dose of arsenic varied directly with the weight of the insect 
and could be expressed per unit weight or mass of insect. It was 
thought that a comparison of the w^eights of young codling-moth 
larvae of the various strains might yield some information that would 
.4id in explaining the observed oifferences in the ability of the larvae to 
enter sprayed and unsprayed apples. By weighing" 100 larvae at a 
time it was found (table 8, series A, B, C) that all the larvae w^eighed 
distinctly less when the temperature was high and the huiAidity;, 
relatively low’^ as in series B. In series A and C the percentage of 
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atmospheric humidity was about the same for each series, but the 
saturation deficiency of the air and, therefore, the evaporation was 

f robably greater for series C, because the temperature was higher, 
t will be observed the larvae of each strain in senes C weighed slightly 
less than those of the corresponding strain in series A. Virginia 
larvae under atmospheric conditions weighed less than Colorado 
larvae, but the weight of the cross Virginia female X Colorado male in 
series A exceeded the weight of the Colorado larvae, and in scries B, 
the cross Colorado female X Virginia male was equal in average weight 
to the Colorado larvae. In other words, there was no evidence of any 
relation between weight of larvae and the comparative ability of the 
strains and the crosses to enter sprayed fruit. 

Table 8. —Weight of young codling-moth larvae of the Colorado arul Virginia atrains 
as determined by weighing 100 larvae at each weighing 









i 


Average 

Series 

Date 

! 

Tern- 

Hu- 
luki- 
ity « 

Strain 

Age of 
larvae 

Weigh¬ 

ings 

Total 

larvae 

weighed 

Total 

weight— 

pera- 

ture“ 

weight 

100 

larvae 

Each 




1 

Per- 





MlUi- 

MilU- \ 

Millh 



Of 

' cevt 


Hours 

Number 

Number 

gravis 

grams 

ffrnms 





Colorado. 

Up to 1—. 
.. do. 

10 

1,000 

44.41 

i 44 

0 0444 





Virginia. 

Virginia 9l|,, 
Colorado 
Colorado d'lip. 
Virginia 9i"*' 

19 

1,900 

1,000 

1,000 

82 80 

4. 35 

0435 

A. 1 

May 21 to 
June 3,1930. 

73 0 

60 

---do. 

-do. 

10 

10 

45 05 

43 41 

4.50 i 

4.34 

0450 

.0434 





f Colorado. 

...do. . 

1 18 

1 1,800 

70 68 

3 92 i 

.0392 





Virginia. 

- do. 

17 

1 1,700 

63 22 ; 

3.71 

.0371 

B. 

July 21-28, 

91.7 

44 

Virginia 9 Ir* 
Colorado d'r *' 

do- -- 

5 

r>oo 

18. 27 1 

3 66 

. 0365 


1930. 


1 

Colorado 9lp 
Virginia 

-do. ... 

5 

600 

19 61 

3 92 1 

0392 


June2,1932 . 

80.8 

63 

Colorado- . 

t Virginia-- -- -- 

-.-do- .. 

- do 

5 

5 

5(K) 

r)(Ki 

22 ll 
20 56 

4 42 

4 11 

-0442 

.0411 




1 100 

1 72 

1 (Colorado-- -- 
\ Virginia. .. . 

) (k)lorado__ 

iVirginia_ 

lK»to2h- 

12 

1, 2(X) 

57 19 

4 76 

0476 

D- 

June 3-23, 
1932. 

74.7 

---do. 

— -do. 

12 

12 

1,200 

1,200 

57.22 
60 94 

4.76 

4 24 

. 0476 
.0124 



—do — 

12 

1,200 

49. 35 

4 11 

I 

.0411 


0 Average at time of collecting and weighing. 


In series D of table 8 is found the weight of newly hatched Colo¬ 
rado and Virginia larvae which were kept in a saturated atmosphere, 
compared with the weight of larvae kept at atmospheric humidity 
for the same length of time. There was no significant difference in 
the weight of the Colorado and Virginia larvae in the saturated atmos¬ 
phere. The Colorado larvae under atmospheric conditions weighed 
slightly more than the Virginia larvae, and both strains weighed 
distinctly less than the larvae kept in a satwated atmosphere. The 
weight of the Colorado larvae under atmospheric conditions was 
10.9 percent less and {hat of the Virginia larvae 13.7 percent less than 
the weight of the corresponding strain kept in a saturated atmosphere 
at the same time. 

In this connection it shoxild be stated that the weights of full-fej4 
or mature larvae of the Colorado and Virginia strains were found la. 
be nearly the same when weighed from September 11 to 16, 1929. 
In ip weighings of 10 larvae each, the Colorado larvae slightly ex¬ 
ceeded the Viiginia larvae in 5 of the trials and were exceeded in 
weight.by the Virginia larvae m the other 5 trials. The total weight 
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of 100 full-fed Colorado larvae was 5,503.06 milligrams, as compared 
with 5,529.21 milligrams for 100 full-fed Virginia larvae. That is, 
the average weight of a full-fed Colorado larva was 55.03 milligrams 
and that of a Virginia larva 55.29. 

ENDURANCE OP STARVATION 

Newly hatched larvae were confined in Stender dishes for periods 
varj^ing from 24 to 28 hours. The larvae were then examined and all 
individuals tliat showed signs of life when disturbed with a needle 
were included with the live larvae. Larvae of the strains to bo 
starved were collected at the same time and confined in Stender 
dishes. For this work it was necessary to use a dish having a cover 
ground very accurately to fit, in onler to prevent the escape of an 
occasional larva, llesults of the tests are given in table 9. The 
Colorado larvae exhibited greater endurance to starvation than Vir¬ 
ginia larvae in all 3 years in which comparisons were made. It is 
apparent that the number of larvae that survived increased as the 
temperature during the period of starvation was lowered. Little 
difference in endurance was shown between the Colorado and Colo- 
rado-K larvae in 1933. There was also little or no diflcrence between 
Virginia and \4rgiiiia-K larvae, except in the tests during the cool 
weather of August 21, 1933, when the Virginia-K larvae survived in 
about the same proportion as the Colorado larvae. 

Table 9. —Endurance of starvation of young codling-moth larvae of the various strains 




Tempera- 

C'olorado 

Virginia 

Colorado-K 

Virginia-K 



ture 

strain 


strain 


strain 


strain 


Date 

Period of 















.starvation 

















Range 

Mean 

Lar¬ 

vae 

liive 

larvae 

Lar¬ 

vae 

Live 

larvae 

I lar¬ 
vae 

lave 
lui vae 

Lar¬ 

vae 

Live 

larvae 


JhUTS 

O J? 

° F. 

No. 

No 

Pet 

No 

No 

Pvt 

No. 

No 

Pet 

No 

No |p(f 

July 24 

20 to 28... . 

OT-ori 

81 

264 

41 

15.5 

5(M) 

31 

6,2 




_ 



July 17 

-- .do. „. 

09- 89 

79 

m 

49 

_ 

3:i9 

26 

_ 

.. _. 



. _ 



Aug 10 
Aug. 16 

.. -.do... 
— do_. . 

70'-8S 

791*2 

77 

279 

44 


:i09 

45 








66-88 

248 

31 

.... 

276 

13 

.... 



- 





Total 



700 

124 


724 

84 

11.6 



















Aug 6 
Aug. 10 

24 to 26 . ... 

69-8:1 

71 

302 

105 


447, 

108 








- - do_ 

64-78 

71 

257 

123 


461 

159 



m 

... 

:306 

9:i 

. 

Aug. 12 

_do_ 

64-90 

77 

287 

49 


398 

62 

.. 

108 

23 

.... 

181 

37 


Aug 18 
Aug. 19 

_ do .. _. 

I 67-87 

77 

98 

20 


150 

28 

:io 


144 

28 


129 

28 


— do. 

f 16-86 

76 


108 


198 

fKl 


255 

62 










Total. 



944 

297 

31 4 

1,564 

387 

2i 7 

881 

265 

30 0 

i 871 

220 

25 2 









Aug. 21 

24 to 20. 

62-73 


343 

214 

62 3 

355 

174 

STo 

241 

161 

66 8 

j 316 

195 

61.7 



The average weight of the larvae that survived the starvation tests 
of July 30,1930, was 0.024 milligram per larva for the Colorado strain 
and 0.019 nulligram for the Virginia strain. A comparison of the 
average weight of a starved larva with the average weight of a recently 
hatched larva of the same strain as determined July 21 to 28, 1930 
'table 8, series B), shows that during the period of starvation the 
average.reduction in weight per larva was 0.015 milligram, or 38.4 
percent for the Colorado strain, and 0.018 milligram or 48.6 percent 
for the Virginia strain. In other words, loss in weight was leSs for, 
the Colorado larvae than for the Virginia larvae. This was also' 
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demonstrated in the comparison of weights made in series D (table 8). 
Los*s in weight may result from hunger and loss in moisture. In the 
case of series D, the latter is probably the chief cause. Difference in 
the rate of loss of moisture may be due to a difference in water-binding 
colloids in the tissues of the larvae rather than to any difference in 
the structure of the epidermis. 

FUMIGATION TESTS 
K(JG8 

Comparative tests were made in which codling-moth eggs of 
various strains were fumigated with potassium cyanide. Two experi¬ 
ments in 1931 and three each in 1932 and 1933 were made, in wtiich 
the eggs were fumigated for a period of 2 hours. During the season 
of 1933 there were eight fumigation tests, each for a period of IJo 
hours. In each test in 1933 all eggs were fumigated at the saine time 
in the same fumigation chamber; in the other years individual 
fumigation jars were used at the same time. The results are recorded 
in table 10. Kggs of three ages or stages of embryonic development 
were fumigated at the same time; in the first stage wore eggs less than 
24 hours old, mostly between 12 and 16 hours; in the se(‘.ona stage egp 
intermediate between recently deposited eggs and eggs nearly ready 
to hatch; and in the third stage eggs due to hatch witliin 1 to 12 hours 
after they were placed in the fumigation chamber. 

Table Sunmanj of experiments on the comparative tolerance of (Colorado, 
Colorado-Kf Virginia^ and Virginia K codling-moth eggs to fumigation with 
potassi u m eyaaide 



Uura- 


(^)lorado eggs 

Virginia eggs 

Colorado-K eggs I 

N'lrginia -K eggs 

Year 

tion 

of 

Age of 






_ .1 












1 







fumi- 

ication 

eggs 

1 

Total 

Hatched 

Total 

Hatched 

Total 

iiatched 

Total 

Hatched 




Niivi- 


Per- 

Num- 


Per- 

Num- 

[ 

Per- 

Num- 


Per- 


Hours 

Hours 

her 

Number 

cent 

ber 

Number 

cent 

ber 

Number 

cent 

ber 

Number 

cent 



( 2-24 

3,399 

1,881 

55 3 

3,345 

1,974 

59 0 

3,550 

1 1,822 

51 3 

3.030 

\ 1,628 

53 7 


IK' 

{ 80-84 

2,191 

1,068 

48.7 

1,801 

1 559 

« 

16 0 

2,085 

! 1,157 

55 4 

1,752 

627 

35 7 

1933 

1 («) 

6.459 

3,350 

61.8 

5,408 

I 810 

4,456 

2,630 

59 1 

3,5.54 

S71 

24 5 


( 2-24 

1,337 

602 

45 0 

1,344 

1 793 

59.0 

1,774 

1 731 

41 2 

1,709 

794 

46 4 


2 

\ 60-72 

932 

519 

55.6 

752 

253 

33 6 

' 805 

1 564 

70.0 

92f) 

548 

59 1 



1 (-) 

1,571 

179 

11.3 

1,734 

4 

.2 

1, 493 

405 

27.1 

1,343 

52 

3 8 

1932 


1 2-24 

310 

161 

51.9 

1,001 

519 

51.8 


. 





1931 

i 

i 2-241 

606 

350 

67.7 

1,031 
1,472 

487 

47.2 







1 (-) 

596 

341 

57.2 

77 

5.^ 















« Ekks mostly 5 to fl day.s old, all over 100 hours old. The ejfKS were due to hatch within a few hours when 
fumigated 


There was no indication of a significant difference in tolerance to 
fumigation between recently deposited eggs of the different strains. 
On the other hand, there was a marked difference in the tolerance of 
^gs almost ready to hatch. The order of tolerance was Colorado-K, 
Colorado, Virginia-K, and Virginia. This is the same order as that 
established by young larvae of the same strains in entering sjjrayed 
apples. Embryonic development was slowed down greatly in the 
fumigated eggs. Often an embryo developed into an apparentfy 
normal larva which perished without having sufficient strength to 
break through the chorion. In 1931 the temperature was an average 
of 7° lower at the time of the 2-hour fumigation tests than in 1933. 
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The difference in temperature and the fact that different fumigation 
chambers were used must be taken into (‘onsideration in comparing 
the results obtained in the experiments of the 2 years. In 1932 the 
temperature at the time of fumigation was about the same as the 
temperature in 1931. 

(Cotton {2) has sliown that the susceptibility of an insect to a fumi¬ 
gant varies directly with the rate of respiratory metabolism. This 
explains why eggs almost ready to hatch were more susceptible to 
potassium-cyanide fumigation than recently deposited eggs, in which 
the respiratory rate is low. ft will be observed, however, that the 
Colorado and (\)lorado~K eggs in the hours of fumigation in 1933 
ami the Colorado eggs in the 2 hours of fumigation in 1931 showed 
little or no decrease in the percentage of hatch of the eggs containing 
well-developed embryos as compared with the percentage of hatch 
for the younge.st (‘ggs fumigated at the same time. In these tests the 
majority of well-developed embryos in the Colorado and Colorado-K 
eggs were not carried beyond the criti(*al stage for recovery, so that 
hatching occurred later; but the critical stage was passed in most of 
the (‘ggs of the same strains and embryonic development in the 2 
hours of fumigation in 1933. It is ap])arent that eggs of the different 
vstrains containing embryos in the late stages of development have 
diffenmt levels for the critical stage beyond which recovery is im¬ 
possible. In other words, a difference in vigor or hardiness (that is, 
])ower of I’ecovery) becomes apparent as the embryo develops and is 
most marked when the embryo is fully developed. The percentage of 
et^gs having a high levi*l of vigor or greater power of recovery differed 
with each strain. The greatest jrercentage was in the C\)lorado-K 
strain, a clos(‘ s(»(‘ojid was the Coloi'ado strain, next in order was Vir- 
giiiia-K, and lastly, Virginia. 

youN<; L\rvae 

Newly hatclied (\)lorado and Virginia larvae w(Ut fumigated with 
potassium cyanide and then j)laced on whole apples or on slices of 
apples and kept in Stender dishes for 24 hours. A count was then 
made of the dead and live larvae. The results are given in table 11. 


Table 11. — Summary of experimentn on the comparativv tolerance of newly hafehed 
Colorado and Virginia codling-moth larvae to fumigation with potassium cyanide 






(hilorado strain 

Virginia strain 

Year 

ExjHJn- 

meuts 

Fumi¬ 

gation 

period 

Food ijro\ ide<l lar¬ 
vae after fumigation 

LHr\ ao 
fumigated 

Larvae alive 24 
hours after 
fumigation 

Larvae 

furmgatetl 

Larvae alive 24 
hours after 
fumigation 


Nu m- 










bn 

/lours \ 


Number 

Nu mber 

Percent 

Number 

Nu mber 

Percent 


f ^ 

1 

W hole apples . 

444 

142 

3! 98 

534 

78 

14 6 

193L . 

3 

1 

Sliwd apt>les . . 

141 

92 

65. 24 

135 

39 ! 

28 8 

1 11) 

2 ! 

Whole api)les_ 

7X1 

148 

19 65 

908 

50 

5.6 

1932- , 

1 9 

2 

Slieed apples_ 

393 

162 1 

41 22 

428 

90 

21 U 

13 

2 

.do.. - 

1,347 

61,1 

3il29 

2.424 

.396 

16.3 

1933-- . 

I 21 

2 

_do _* 

2,101 

639 1 

30 41 

2,172 

355 

16 3 

Vl „ — 

'{ t\ 

(«) 

Whole apples_ 

183 

132 

72.13 

219 

118 ; 

53 8 

(«) 

Sliced apples------ 

209 

185 

88.51 

211 

176 

83 4 


“Not fuiuigated. 


It is apparent that the Virginia larvae were more susceptible to' 
potassium-cyanide fumigation than the Colorado larvae. There was a 
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higher percentage of live larvae of each strain when the fumigated 
larvae were placed on sliced apples after fumigation than when placed 
on whole apples. Many of the larvae on whole apples did not recover 
sufficiently to enter the fruit and died from starvation. In short, the 
power of recovery was possessed to a greater degree by more of the 
Colorado larvae than the Virginia larvae. It is reasonable to assume 
that the power of recovery is an index of the vigor inherent in the 
lai-vae. A similar but less marked difference was demonstrated by 
the check experiments. 

Larvae op Second and Last Instars 

Colorado and Virginia larvae of the second instar (7 days old) 
were removed from apples and fumigated with potassium cyanide. 
The fumigated larvae were then placed on slices of apples in Stender 
dishes and examined 24 hours later. The results are shown in table 
12 . A higher percentage of Colorado larvae survived the fumigation 
tests. The check experiments also vshowed a higher percentage of 
Colorado larvae able to survive being transferred from their natural 
environment in the apple to slices of apples in Stender dishes. 


Table 12 .—Summary of experiments on the. comparative tolerarice of second-in star 
and also of mature or full-fed larvae of the Colorado and Virginia codling-moth 
strains to fumigation with polassiuin cyanide^ 19SS 





Colorado strain 

I 

1 Virginia strain ‘ 

T.arval stage 

Exjjeri- 
menls , 

1 

Fuiuiga- 

turn 

period 

Larvae 

funugated 

Larvae alive 24 
hours after 
fumigation « 

Larvae 

fumigated 

I.«arvae alive 24 
hours after 
fumigation 


Number 

_ 

\fiituUH 

Number 

Nu mber 

Percent 

N umbel 

Number 

Percent 


! 

45 

77 

54 

70 J j 

77 

45 

58 4 

Second instar.-. 

fit) 

75 

24 

m 

16 

72 

66. 6 

27 :i 

25 

2UK 

10 

46 

40 0 
22 1 


1 4 

(^) 

92 

82 

8tt 1 

1)2 

70 

75 2 

Last instar_ 

12 

:m-m 

\ 

1,516 

857 

56 52 

t, 527 

7J2 

46 38 


« Second-instar larvae were placed on sliced apples after fumigation and kept in Stender dishes 
Not fumigateil. * 


Full-fed larvae of the two strains were also fumigated with potas¬ 
sium cyanide and then kept in museum jars for 24 hours before they 
were examined. All larvae showing a trace of life when disturbed 
with a needle were considered alive. In all tests the larvae were 
fumigated in the same jar at the same time. The results (table 12) 
show a slight difference in survival in favor of the Colorado larvae. 
The difference does not appear marked as shown by larvae of the 
first instar or by the eggs containing embroyos in the late stage of 
development. 

SUMMARY AND CONCLUSIONS 

The history of the codling moth in the Grand Valley of Colorado 
and the Shenandoah Valley of Virginia shows that the insect has been 
much more difficult to control in Colorado. The seasonal history ol! 
the codling moth is essentially alike in the two districts, according to 
published records. 

f Larvae from Colorado and native Virginia larvae have been reared 
and stifdied under the same climatic environment in Virginia for 7 
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years. This paper reports results of the investigations of the past 
5 years. 

Colorado larvae reared under Virginia eliinatie conditions since 
1928 have consistently demonstrated a distinct superiority over 
Virginia larvae in their ability to enter sprayed fruit. 

Greater ability of the Colorado larvae to enter sjirayed fruit was 
not specific for lead arsenate but was also demonstrated when such 
nonarsenical sprays were used as cryolite, barium fluosilicate, rote- 
none, cuprous cyanide, and nicotine. 

From 1929 to 1933 larvae of Colorado origin and native Virginia 
larvae were reared on fruit freshly sprayed with lead arsenate. These 
larvae were designated as (hlorado K and Virginia K strains, respec¬ 
tively, to distinguish them from the Colorado and Virginia larvae 
reared on umsprayc'd apples or on fruit carrying a very small amount 
of lead-arsenate residue. 

In 1933 the Colorado-K, Colorado, Virginia-K, and Virginia larvae 
demonstrated their comparative ability to enter sprayed fruit in the 
order named, that is, the (\.)lorado-K larvae were most sii(*cessful and 
the Virginia larvae least successful in all tests regardless of the kind 
of insecticide used. (\)mparative tests were made on fruit sprayed 
with cryolite, cuprous cyanide, nicotine, and lead arsenate. 

(\)lorado-Virginia crosses, tlirough 10 generations, maintained an 
intermediate position between the parent strains wdth respect to their 
ability to enter fruit sjirayed with lead arsenate. 

Ba(‘k crosses betw^een the Fs generation of the cross Virginia 
femaleColorado male and Colorado moths demonstrated a marked 
increase in ability to enter sprayed fruit, while the back cross with 
Virginia codling moths showed a tendency to approach the Virginia 
strain in ability to enter the sprayed fruit. 

(\)lorado larvae of the second instar were slightly superior to 
Virginia larvae in ability to (uiter unsprayed and sprayed fruit. 

Larvae of Colorado and Virginia strains were more successful in 
entering unsprayed fruit as well as sprayed fruit wdien the temperature 
was relatively high than in cooler weather. 

Larvae of the Colorado strain under all conditions were consistently 
more successful than Virginia larvae in entering unsprayed fruit. 

Careful observations on the habit of rejecting apple tissue while 
entering the fruit failed to reveal any differeru'e in habit of entering 
that could be used to explain the difference in survival of the Ckdorado 
and Virginia larvae under observation. By actual count the number 
of rejections made by the Colorado larvae did not exceed those made 
by the Virginia larvae. 

At atmospheric temperature and humidity, the average weight of 
recently hatched Colorado larvae was slightly greater than that of 
Virginia larvae. Recently hatched larvae in a saturated atmosphere 
weighed the same for both strains. Under atmospheric conditions 
the average weight of recently hatched larvae of the Colorado-Virginia 
crosses varied from slightly less than the average weight of Virginia 
larvae to slightly more than the average weight of Colorado larvae. 

Colorado larvae endured starvation more successfully than Virginia 
larvae. , The percentage of survival increased for both strains when 
the larvae were starved during cool weather in comparison with 
survival when the temperature was relatively high. 
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Loss in weight of starved larvae was greater for Virginia larvae 
than for Colorado larvae. Difference in the weights of Colorado and 
Virpnia larvae under atmospheric conditions may be due to loss of 
moisture. The rate of loss of weight between the strains may be due, 
theoretically, to a difference in water-binding colloids in the tis.suos of 
the larvae rather than to any structural difference in the epidermis. 

There was little or no difference in tolerance to potassium cyanide 
fumigation between recently deposited eggs (less than 24 hours old) 
of the four strains. 

There was a distinct difference in tolerance to potassium cyanide 
fumigation of eggs of the four strains when the eggs contained em¬ 
bryos in the late stages of development. The percentage of iuvtch 
was greatest for Colorado-K, then Colorado, next Virginia-K, and 
lastly Virginia eggs. 

There was a progressive increase in susceptibility to the fumigant as 
the embryo developed in the eggs of all strains but the increase in sus¬ 
ceptibility was greatest for Virginia eggs and least for (-olorado-K 

Newly hat(‘bed larvae of the four strains showed the same order of 
tolerance as did the eggs with w’^ell-developed embryos when subjected 
to potassium cyanide fumigation. 

The essential difference in the strains was demonstrated in the 
partially developed embryo, was most marked in the fully developed 
embryo and the newly hatched larvae, and disapjieared to a large 
extent in the full-fed larvae. The difference seeiiis to be one of 
general vigor, or power of recovery, inherent in the individual. 

This investigation demonstrates the existence of different strains of 
the codling moth in which the young larvae vary greatly in vigor. 
By rearing the larvae continuously on freshly sprayed fruit in the 
laboratory, it was possible to increase in a strain the proportion of 
individuals which possessed more vigor, with the result that a greater 
percentage of the young larvae entered and injured sprayed apples. 
Difference in vigor appeared in the well-dcveh^ped embryo and was 
most marked in the fully developed embryo and in newly hatched 
larvae. It was also quite evident in larvae of the second instar but 
had disappeared to a large extent in tlic full-fed or mature larvae. 
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THE NUTRITIVE VALUE OF THE PROTEINS OF ALFALFA 
HAY AND CLOVER HAY WHEN FED ALONE AND IN 
COMBINATION WITH THE PROTEINS OF CORN ‘ 

By Kenneth L. Tt.RK, asnstant in animal husbandry, F. B. Morrison, animal 
husbandman and head of department of animal husbandry, and L. A. Maynard, 
animal nutritionist, New York {Cornell) Agricultural Experiment Station 

INTRODUCTION 

The great importance of legume hay is recognized by everyone 
interested in livestock production. Because of this importance, it is 
highly desirable to obtain data on the nutritive value of the proteins 
in these hays when they are fed alone and when fed in combination 
with the i)rorein of corn and other farm-grown grains. 

It is apparent that the great value of legume hays in sto(*k feeding 
is largely due to their heavy yield per acre, their high protein content, 
and their palatability. From the good results which are obtained with 
legume hay, even when animals are given little or no other feeds in 
addition, as is sometimes the case in the alfalfa districts of the West, 
it might also be assumed that the protein of legume hay has a high 
quality or high biological value. The results of experiments thus far 
reported, however, <lo not seem to bear out this assumption. Practic¬ 
ally all experiments in which alfalfa hay furnished the principal or sole 
source of protein have indicated that the crude protein possesses a low 
nutritive value. So tola (^0)'^ found the protein of alfalfa hay to have a 
biological value of only 50 when fed alone to lambs. This was con¬ 
siderably lower than values for (‘orn silage or even for sunflowrer silage. 
A later report by Sotola (21) indicated still lower biological values 
for alfalfa protein when fed to lambs. This report gave the protein 
of the alfalfa stems a value of 04, while for the protein in the leaves it 
was only 44 and for the protein in the whole hay it wuis 51. 

Ilaag (3) made a study of the factors limiting the nutritive value 
of the crude protein of alfalfa for rats, and reported a deficiency of 
cystine, one of the essential amino acids, in the proteins of this hay. 
T^evens (17) fed alfalfa to rats at a 10 percent level of intake and 
obtained an average biological value of 02. His results further in¬ 
dicated no supplementary effect of the corn-grain proteins with alfalfa 
proteins, since the combination gave biological values averaging 58. 

Very few data reported show any marked differences in efficiency 
of protein utilization when common feeding stuffs have been fed to 
ruminants. Experiments by Hart, Humphrey, and Morrison (7) to 
determine the nutritive value of nonprotein nitrogen for dairy heifers 
indicated that the total nitrogen of alfalfa hay possesses approximately 
the same efficiency for growth and milk production as the nitrogen of 
corn grain plus corn stover. Hart and Humphrey (4) showed that 
milk protein is more efficient than corn or wheat protein when fed 
with corn stover. These same investigators (5) also found that both 

1 Received for publication Nov. Ifi, 1933; issued June 1934. This paper is a part of a thesis presented by 
Kenneth L Turk to the Graduate School of Cornell University in partial fulfillment of the requirements for 
the degree of doctor of philosophy 
^ Reference is made by number (italic) to Literature Cited, p. 569. 
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linseed meal and dried distillers^ grains provided a more efficient com- 
biriation of proteins with corn stover than did corn gluten feed, but in 
later work (6*) no differences were found among the three concentrates 
when clover hay was used as the roughage. Experimental results 
obtained by Maynard, Miller, and Krauss (9) indicated that a ration 
for milk production based on clover hay furnishes a combination of 
proteins n6 more efficient than one based on timothy hay. Morris 
and Wright {16) reported experiments from which they concluded 
that the nitrogen of beans was superior to that of meat meal or linseed 
meal for milk production. Each of the feeds in question was fed with 
a ration of straw, beet pulp, and oats. 

In view of the results indicating a rather low quality of protein in 
alfalfa hay it seemed worth while to obtain further data on this subject 
and to compare the nutritive value of alfalfa protein with that fur¬ 
nished by clover hay. Since legume hays are rarely fed alone, but are 
commonly fed in com])inations with the cereals or other farm-grown 
feeds, it would seem that protein studies on these combinations would 
also be of considerable practical value. 

In the series of experiments here reported, nitrogen metabolism 
studies were conducted with five growing wether lambs. It is believed 
that the results are, to a certain extent, applicable to cattle as W(dl 
as to sheep. In th(‘se studies alfalfa hay and clover hay have each 
been fed as the only source of protein and each of these hays has also 
been fed with corn grain. For each ration the digestibility of tlie 
protein, the percentage of protein stored, and the biological value of 
the protein have been determined and are herein reported. 

EXPERIMENTAL METHODS 

Five young growing wether lambs have been used in three nitrogen 
balance experiments. Two lambs were used in the first experiment. 
They were crossbreds of fairly good type and were thrifty. Three 
purebred lambs of excellent type were used in the second and third 
experiments. The lambs were kept in metabolism crates similar in 
construction to those described by Forbes {2), The experimental 
collection periods were 10 days in length in all the experiments. The 
intervals between collection periods were also 10 days, which provided 
ample time to adjust the food intake to a uniform amount that would 
be consumed daily. Excreta collections were not started until each 
lamb had been eating the same amount of the ration for at least 6 days.' 

The feed for each experimental period was weighed out at one time, 
the daily feed for each lamb being placed in individual paper bags. A 
representative sample was taken at this time for chemical analysis and 
served as the basis for computing the nutrients fed. The daily ration 
for each lamb was fed in 2 equal portions during the first experiment, 
but the lambs were fed 3 times daily during the second and third experi¬ 
ments. Any unconsumed feed was collected, air-dried, finely ground, 
and sampled for analysis. 

Quantitative collections of urine were made each day, and the urine, 
together with the washings from the crates, was preserved with toluene 
in tightly stoppered carboys in a refrigerator room at a temperature of 
approximately 5® to 10® C. Aliquots from the total volume for each 
collection period were taken for analysis after the completion of each 
period[.^ 
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The daily collections of feces were preserved in airtight containers 
with acidified alcohol and were stored in the refrigerator. The total 
quantity for each collection period was then dried at a temperature not 
exceeding 60^^ C., weighed, finely ground, and carefully sampled for 
analysis. 

The methods of analysis used were those of the Association of 
Official Agricultural Chemists (]), with the exception (>f the nitrogen 
determinations. Nitrogen was determined by the boric acid modifica¬ 
tion of the Kjeldahl method {18). 

Several methods may be used in comparing the efri(*iency of pro¬ 
teins. The writers have used the ordinary cofficient of apparent di¬ 
gestibility, the storage of protein as calculated by the method of 
Mc(\)llum (8)j and the biological value as computed by the Mitchell 
method {10). " The last-named method presumably gives the biolog¬ 
ical value of a protein or mixture of proteins for both growth and 
niaintenance. 

FIRST EXPERIMENT 

Two wether lambs were used in this experiment to determine the 
digestibility, storage of ])rotein, and biological value of the proteins of 
alfalfa hay, clover hay, and combinations of each with corn protein. 

The percentage composition of feeds used is showm in table I. All 
the feeds were of excellent quality. The alfalfa bay was second cut¬ 
ting and rath(‘r fine-stemmed and leafy. All hay was chopped into 
lengths ranging from om* half to three fourths of an inch. A choice 
grade of yellow ground corn was used. The composition of each ration 
as fed is shown in table 2. 


Tari.e 1.--- Perrrrifage romposifion of fmis uml in (hr first cxjK'rimrnf 


Feed 

Dry 

matter 

Ash 

Crude 

protein 

Ether 

extract 

('rude 

tiher 

Nitrogen- 

free 

extract 

Alfalfa hay. .... 

Ohaer ha> ... , 

Corn, yellow | 

93 01 
' 9» 67 
! 90 62 

1 1 
1 6 57 j 

6 .69 i 
1 60 j 

16 H3 
12 72 ! 
9 15 j 

' 2 02 

2 89 1 
4 60 

! 29 41 i 

29 03 i 
1 79 j 

39 IS 

40 44 
73 48 


Table 2 . Percentage compttsUwn of experimental rations in the first experiment 


('oiistituenl 


Straw ... 

Alfalfa hay _ .. 

Clover hay.. 

Corn, yellow^. 

Cornstarch.. 

Cano suRar.. 

OJhilose. rogeneratvOd_ 

Corn oil. 

Minerals <•. 

Total.. 

Prffiein content (NX6 '26) _ 


! Low - 
! mlrogen i 
1 ration 

i. 

Alfalfa- ; 

hay 

ration 

('lover- 

ha> 

ration 

Alfalfa- j 
hay and ' 
corn 
ration 

Clover- 
hay and 
corn 
rat ion 

! 40 0 






63 6 


47 4 


__ 


78 7 


69 0 



, . 

27 3 

27.3 

2,3 6 

14 6 

11 2 

6 4 

3 4 

23 6 

12 6 

1 7.1 

6 4 

2 3 

6 0 

1 5 

1 

8 0 

5 0 

4 .6 

2.9 ' 

! \ 6 ! 

3 5 ‘ 

1 0 

3.6 

2 0 

2 0 

2 0 

2 0 

100 

ItX) 

1(X) 

100 

1(X) 

1 92 

10 09 

10.11 

10. 46 

10 36 


® The mineral mixture coniainod equal parts of steamed hone meal, ground limestone, and sodium 
chloride. 

These percentages of nitrogen are the averages of analyses of 2 mixes of each ration used. 
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An attempt was made to feed the lambs a purified diet practically 
free of nitrogen, but this was unsuccessful and it was necessary to use 
a low-nitrogen ration containing some wheat straw in addition to the 
purified ingredients. The nitrogen in the straw was probably not 
very digestible and this would result in an over-estimation of the 
metabolic nitrogen. Since a ration entirely free of nitrogen could not 
be used, however, it was believed that this ration would bo fairly satis¬ 
factory. Morgen and his coworkers (h5) used a low-nitrogen ration 
for sheep, consisting of straw (treated to remove most of the nitrogen), 
starch, sugar, oil, and minerals. They found tiiat the average excre¬ 
tion of metabolic nitrogen in the feces was 0.51 g for each 100 g of dry 
matter consumed. Sotola {W) fed a similar low-nitrogen ration to 
slieep and found the average excretion of metabolic nitrogen in the 
feces to be 0.05 g for eacli 100 g of dry matter fed. The data obtained 
in the three experiments reported in the present paper show an average 
excretion of 0.50 g of metabolic nitrogen for each 100 g of dry matter 
consumed. It is apparent, therefore, that this value agrees quite 
closely with tliose obtained by Morgen and his coworkers ()5) and 
Sotola (20). 

The experimental rations consisted of this low-nitrogen ration and 
four other rations comparable in character but with the straw and part 
of tlie starch and sugar replaced by enough of each feed to furnish 
approximately 10 percent of protein. In the two rations containing 
corn, 25 percent of the total protein was supplied by the corn and 75 
percent by the hay. All the rations were ecpialized, as nearly as [)os- 
sible, in regard to dry matter, crude fiber, and total energy content. 
The rations were all adecpiale in mineral content. Sufficient vitamins 
were undoubtedly furnished by all rations, except the low-nitrogen 
ration. It A\as believed, however, that this would not be a limiting 
factor in short balancb experiments of this type. The addition of 
vitamin B supplements would liave added nitrogen to the low-nitrogen 
ration, the value of which would not be known. Regenerated cellu¬ 
lose/^ was used in various amounts to help eqiialize the ‘^roughage” 
content of the rations. The lambs were rotated on the different 
rations according to the customary p^*ocedure. 

The low-nitrogen ration was fed during the initial and final periods of 
the experiment. The collection periods were not started until the 
nitrogen excretion in the urine had apparently reached a constant 
level as indi(*ated by analyses of the urine for a number of consecutive 
days. From these collections the losses of nitrogen in the feces and 
urine w^re determined and used in estimating, during the periods of 
protein feeding, the amounts of food nitrogen present in the urine and 
feces. These data were used in calculating the body^s contribution to 
the feces, or the so-called metabolic nitrogen which was expressed 
in grains of nitrogen j)er 100 g of dry matter in food eaten. The con¬ 
tribution of the body to the urine was computed in grams of nitrogen 
per kilogram of body weight. These values were assumed to change 
m a linear fashion, with respect to time, in the intervening periods 
between the initial and final low-nitrogen periods. 

The results of the first metabolism experiment with the significant 
intennediate computations are presentea in table 3. 


i Ol^tained as washed Sylphrap, 
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The data seeni to show that lamb no. 1 was more efficient in utilizing 
protein than the second lamb. However, greater difficulty was 
encountered in getting the first lamb to eat the low-nitrogen ration, 
and it lost considerable weight before it would consume enough food 
to maintain its body weight. It is possible that wlien protein feeding 
was resumed, considerable amounts of the food nitrogen were used for 
repair and foi’ination of tissue, which resulted in a larger percentage of 
nitrogen being stored than if the animal had been in a more nearly nor¬ 
mal condition. However, Mitchell (13) believes that a period of low- 
nitrogen feeding will exert no appreciable effects upon the utilization 
of protein in subsequent experimental periods. It would seem, there¬ 
fore, that the first lamb was simply more efficient in utilizing protein. 

Some individual variations can be noted in the apparent digestibility 
of the protein, the alfalfa being somewhat higher than the clover. 
The combination of alfalfa and com had the highest apparent digesti¬ 
bility of the four rations used. The largest storage of protein was 
obtained with the alfalfa and corn ration; the results with the other 
three rations were approximately the same. No consistent differ¬ 
ences can be noted in the storage of digestible nitrogen. 

In regard to the biological values, it is quite evident that no differ¬ 
ence in utilization of the absorbed nitrogen has been measured with 
the different rations. However, the values are ((uite high and indi¬ 
cate a much greater percentage utilization of nitrogen than has been 
reported by other investigators for these feeds, especially for alfalfa 
hay. 

SECOND EXPERIMENT 

Since no definite conclusions could be drawn from the limited data 
furnished by the first experiment, the work was repeated with tliree 
lambs. The feeds were of approximately the same (piality and 
chemical composition (table 4) as those used in the first experiment, 
and the same general plan was followed in making up rations and 
conducting the experiment. Tliis trial, therefore, was simply a 
duplication of the first one. 


Table 4. —Percentage composition of f^ds used in the second experiment 


Feed 


Alfalfa hay. 
Clover hay .. 
Corn, yellow 



Dry 

matter 

Asb 

1 

Crude i 
protein 

1 

Ether ex¬ 
tract 

1 

! Crude 
fiber 

j Nitrouen- 
free extract 


93.62 
94.21 
91.83 

0.38 

1 4.99 

1.20 

16.94 
12.25 
9.82 

2.22 

2 07 
4.08 

29 28 
30.41 
2.03 

38.80 
44.49 
74 70 





The results of the metabolism trials are shown in table 5, together 
with the apparent digestibility, nitrogen storage, and the final 
biological v^ues of Ihe proteins. These data are in agreement in 
allowing a higher apparent digestibility for the alfalfa protein than for 
the clover protein. The combination of proteins furnished by clover 
and com was more digestible than that of clover hay alone; the alfalfa 
and com combination of proteins had the liighest apparent digestibility 
of the four rations fed. When allowance is made for the pietabolic 
fecal nitrogen and the true digestibility of the food nitrogen calculated, 
the Isame relative differences in digestibility are still shown. The 
competition of the rations as they were fed is given in table 6. 
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Table 5 .—NUrogen metabolism data showing the digestibility and biological value of proteins in the second experiment —Continued 
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Table 6 .—Percentage composition of experimental rations in the second experiment 


Constituent 


Straw - -. 

Alfalfa hay. 

Clover hay. . 

Corn, yellow. .. 

Cornstarch. 

Cane suRar.-. 

Cellulose, regenerated_ 

Corn oiL . . _ _ 

Minerals».- 

Total. __ 

Protein content (NXtl 25). 



Low- 

nitrogen 

ration 



Alfalfa- 

Clover- 


Alfalfa-hay 

('lover-hay 

hay and 

hay and 


ration 

ration 

corn 

ration 

corn 

ration 


40.0 

..i 






59 1 i 


44 3 




_ 

81.7 


61 2 





25.6 

25. 5 


23 5 

15 5 

7*7 

7 6 

1 2 7 


23 5 

1.6 4 

7 6 

7.6 

2 6 


5 0 

6.0 

9 0 

4 0 


4 .6 

3.0 

i 6 

4 0 

1 2 0 

- --- 

3 5 

2 0 

2 0 

2 0 

j 2 0 


100 

100 

100 

1(X) 

UK) 

— 

1.63 

9.61 

10 16 

9.54 

10.08 


“ The mineral mixture contained e<iual parts of steamed hone meal, ground limestone, and sodium 
chloride. 

These percentages of nitrogen are the averages of analyses of 2 mixes of each ration used. 


All the lambH showed approximately the same efficiency in storing 
protein from the alfalfa and clover rations. Some v ariation was noted 
in the percentage of protein storage by the individual animals on the 
other two rations, but the average values are approximately the same. 

The biological values are again high, as they average 78 for clover 
protein, 77 for alfalfa protein, 78 for the clover and corn combination, 
and 73 for the alfalfa and corn combination. The lower average value 
for the mixture of alfalfa and corn is due chiefly to the one lower value 
given by lamb no. 5. The results thus agree quite closely with those 
of the first experiment, and for convenience of study the results of 
both experiments have been summarized togetlier for discussion. 

DISCUSSION OF FIRST AND SECOND EXPERIMENTS 

A summary of the first and second experiments is presented in 
table 7. 


Table 7 .- ' The digestihihiy and biological value of clover and alfalfa proteins when 
fed to lambs alone and in combination with corn protein 


Item 


('lover protein. 

Apparent digestibility... 

Percentage total nitrogen stored . 
Percentage digestible nitrogen stored- 

Biological value.. ... 

Alfalfa protein: 

Apparent digestibility. . . . 

Percentage total nitrogen stored ... . 
Percentage digestible nitrogen stored . 

Biological value. 

Clover and corn protein. 

Apparent digestibility... 

Percentage total nitrogen stored . . 
Percentage digestible nitrogen stored . 

Biological value. 

Alfalfa and corn protein: 

Apparent digestibility.—. 

Percentage total nitrogen stored. 

Percentage digestible nitrogen stored . 
Biological value ., ... 


Percentage digestibility and biological 
value when fetl to lamb no 


1 

2 

3 

4 

r- 

.66 

49 

.60 

47 

49 

:t9 

23 

23 

21 

21 

69 

47 

46 

44 

44 

92 

80 

76 

83 

74 

64 

53 

.60 

56 

51 

36 

28 

25 

25 

2:1 

67 

.64 

45 

45 

4.6 

8.6 

81 

7t6 

80 

76 

57 

66 

54 

52 

58 

28 

29 

33 

19 

26 

60 

i .63 

60 

37 

45 

86 

1 81 

t 

86 

76 

72 

69 

1 64 

62 

59 

62 

42 

1 34 

30 

26 

22 

61 

53 

; 49 

43 

36 

87 

78 

77 

78 

05 


Aver¬ 

age 


.60 

2.6 

50 

81 

56 

27 

49 

79 


5.6 

27 

49 

80 


63 

31 

48 

77 


Averaging together the values obtained with the five animals used 
during the 2 years, it is found that the average coefficients of apparent 
digestibility are 66 percent for alfalfa protein, 50 percent for clover 
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protein, 63 percent for the protein in the combination of alfalfa and 
corn, and 55 percent for the protein in the combination of clover and 
corn. The application of Student^s method for significance of means 
shows that there is a significant difference in the digestibility of the 

{ )rotein in alfalfa hay and in clover hay. The odds are 188 to 1 in 
avor of alfalfa protein. Statistical treatment also shows a significant 
difference between the digestibility of the protein of each hay alone 
and of the hay fed in combination with corn, the odds in every case 
being greater than 100 to 1. These same significant differences are 
shown by the data for true digestibility of the food protein. The 
alfalfa protein was 89 percent digestible when allowance is made for 
the metabolic nitrogen in the feces, while the protein of clover hay 
was 81 percent digestible. The mixture of alfalfa and corn proteins 
gave a true digestion coefficient of 96 and the clover and corn mixture 
a coefficient of 89. 

The nitrogen intake for each lamb on the different comparable 
rations was kept at approximately the same level, and it would seem 
tha nitrogen storage could be used with some reliability as a measure 
of protein efficiency. The average percentages of total nitrogen 
stored were 27 percent for alfalfa hay, 25 percent for clover hay, 31 
percent for alfalfa hay and corn, and 27 percent for clover hay and 
corn. The differences between these average values are not very 
marked and statistical treatment indicates possible significant dif¬ 
ferences with only two comparisons. Greater storage was obtained 
from the alfalfa and corn ration than from the alfalfa ration. The 
odds are 23 to 1 against this difference^occurring as a result of chance 
alone. These odds would indicate a tendency toward significance. A 
possible significant difference was also measured in protein storage 
oetween the alfalfa and corn ration and the clover ration. The odds 
in this case are 49 to 1 against this difference being due to chance. 

The data further indicate no significant differen(‘.es between the 
rations when the percentages of digestible nitrogen stored arc con¬ 
sidered. Some individual variations can be noted between experi¬ 
mental animals, but the final averages are practically identical for the 
four rations. . 

In these experiments it was intended to have the protein intake 
sufficiently high to produce some growth'of the animals. This was 
accomplisned as indicated by the live weights of the lambs and by 
the protein storage which was obtained. . 

A study of the individual biological values shows some variations, 
which can probably be attributed chiefly to the individual utilization 
of protein by each lamb. It is believed, however, that all the values 
are within the range of animal variation in experiments of this type. 
The final averages of the biological values show no significant differ¬ 
ence between alfalfa nrotein and clover protein, these values being 
79 for alfalfa and 81 for clover. This small difference is due largely 
to the one high value given by lamb no. 1 for clover protein. Further¬ 
more, the combination of alfalfa hay and com or clover hay and corn 
was no more efficient, as measured by the biological value, than these 
legume hays fed as the only source of protein. The average value fot 
the alfalfa and com combination was 77, and for the clover §,nd corn 
combinatian it was 80. 

^ It 4s quite obvious that no consistent differences in efficiency of 
prot 0 ii^<\tilization have been measured. These biological values for 
alfalfa Kiy are much higher than those reported by Sotola ( 20 , 21). 
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Moreover they are considerably higher than those found by Nevens 
{17) in experiments with rates. However, they are in fair agreement 
with those for alfalfa luiy fed to dairy heifers by Hart, Humphrey, and 
Morrison (7) as reported by Mitchell (f^)- 

The question naturally arising, after the high biological values 
were obtained in these experiments, is why are they consistently 
higher than those reported by most other investigators for alfalfa 
hay? Since only very few experiments with ruminants have ever 
shown any measurable differences in eflicien(\y of protein utilization, 
there is the possibility that the ruminant has the ability to synthesize 
certain of the essential amino acids as a result of bacterial action in 
the digestive tract. This possibility has been pointed out at various 
times in the literature. 

Even if slieep do have the ability to synthesize some of the essential 
amino acids and hence have given high biological values for protein, 
this does not explain why the values obtained in these experiments 
are so much higher than those reported by So tola {20, 21). It is 
probable that the difference in concentration of protein in the rations 
would tend to produce a difference in the biological values. Mitchell 
(11) has shown for several proteins that an increase in the level of 
protein intake results in a lowering of the biological value of the 
]>rotein. Sotola’s {20) lambs were fed at a level of approximately 14.2 
percent protein, on a dry basis, whereas in the writers^ experiments 
the concentration of protein in the rations was at a level of 10.4 per¬ 
cent. Tlie question remains as to whether the difference in plane of 
protein intake is entirely responsible for the wide differences in 
l)iological value. 

There was also a decided difference in the net energy or total 
digestible nutrient content of the alfalfa-hay ration fed in these in¬ 
vestigations and the alfalfa hay as fed by Sotola. The alfalfa ration 
used in the writer’s experiments contained approximately OS percent 
of total digestible nutrients, whereas alfalfa hay alone furnishes about 
50 percent. It seems quite possible that this difference in net energy 
an(l total digestible nutrients may have been a factor in causing the 
difference in biological values. If fed a ration which is rich in protein 
and low in net energy, an animal may be unable to use part of the 
l)rotein for growth, and will of necessitv use part of it as a source of 
piergy, thus wasting the nitrogen contained in this portion and lower¬ 
ing the biological value. 

THIRD EXPERIMENT 

A third experiment was conducted to determine whether low bio¬ 
logical values, corresponding to those secured by Sotola, would be 
obtained if alfalfa hay was given to these lambs as the only feed, as 
was done in his experiments, and then to find whether high values, 
such as were previously obtained in the present studies, would be 
secured if the lambs were changed to an alfalfa ration which supplied 
plenty of net energy and furnished a lower plane of protein intake. 
•The three wethers used in the second experiment were again employed. 
The last low-nitrogen period of the previous trial was taken as the 
first period of this experiment. The lambs were then placed on a 
ration of alfalfa hay alone with no supplements except common salt. 
After the period on alfalfa alone, the lambs w^ere fed a ration in which 
the alfalfa hay was supplemented with starch, sugar, cellulose, corn 
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oil,^and minerals. This ration was just the same as the alfalfa rations 
fed in the first and second experiments, except that a different sample 
of alfalfa was used. The protein content of the ration was approxi¬ 
mately 10 percent, but the dry-matter and crude-fiber content was 
about the same as that of alfalfa when fed alone. The lambs were 
finally placed on the low-nitrogen ration, which had the same comj)o- 
sition as those previously fed. 

The alfalfa hay used in this trial had the following chemical com¬ 
position: 8.3G percent moisture, 7.30 percent ash, 17.01 percent 
protein, 29.86 percent crude fiber, 1.93 percent fat, aiid 35.54 percent 
nitrogen-free extract. 

The results of the metabolism trials, with the intermediate calcula¬ 
tions and final computations, are showm in table 8. Considerable 
differences w’ere found in the apparent digestibility of alfalfa protein 
with these two methods of feeding. The protein of alfalfa fed alone 
had an apparent digestibility of 71 percent, while with the supple¬ 
mented alfalfa ration the apparent digestibility of the protein was 
56 percent. That starch and other nonnitrogenous material may hav(‘ 
a clepressing effect upon digestibility has been suggested by many 
writers. However, Mitchell {12) has pointed out that the differences 
in apparent digestibility observed may be explained entirely on the 
basis of the demonstrated ability of carbonaceous feed to cause an 
excretion of metabolic nitrogen in the feces in proportion to its dry- 
matter content. Wlien tlie values for apparent digestibility in this 
experiment w^ere corrected for the metabolic nitrogen in tlie feces 
there was no difference in the true digestibility. The average true 
digestibility of alfalfa alone was 92.5 percent, while the supplemented 
alfalfa ration had a true digestibility of 92.0 i)ercent. 

The biological values cjf the alfalfa proteins obtained with these two 
rations are particularly interesting. The average biol()gi(*-al value of 
alfalfa protein fed alone was only 50 as compared with 77 for alfalfa 
fed with starch and sugar in the se(*.ond experiment with the same 
lambs. When the lambs were put back on the ration of alfalfa plus 
starch and sugar, the values averaged 72, agreeing fairly well with 
those previously/ obtained wdth this ration. These data indicate that 
the low biological values obtained for alfalfa protein when alfalfa 
hay is given to sheep as the only feed are probably due to the particular 
method of experimentation and not to any deficiency of the protein. 

Biological values of proteins are useful in comparing proteins only . 
under definitely standardized conditions and systems of feeding. In 
order to secure biological values for the proteins in various feeds that 
will rejiresent the actual relative nutritive values, it is necessary 
that the experimental rations furnish the same plane of protein intake. 
Moreover, they must provide a sufficient supply of digestible non¬ 
nitrogenous nutrients,.so that there will be no Wastage of proteins 
' in the rations due to an excessive amount or to an insufficient supply 
of net energy in other nutrients. If digestible protein is provided 
in excess of the animal’s requirements, or if insufficient net energy/ 
is furnished by the nonnitrogenous nutrients to pennit full utili¬ 
zation of the protein in the ration, some of it will be deaminized and 
the nitrogen wasted. Consequently the biological value of .the pro¬ 
tein will be lowered, not as a result of any deficiency in the quality 
*of thfi i^otein, but because of the method of experimentation. 
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The writers believe that this is the case when alfalfa hay is fed 
alotie with no additional energy supplements. Alfalfa hay fed alone in 
this third experiment furnished 18.6 percent of protein, on a dry basis, 
and approximately 52 percent of total digestible nutrients, whereas 
the supplemented ration contained 10.5 percent of protein and about 
68 percent of total digestible nutrients. It seems quite possible that 
this wide difference may account for the differences in the biological 
value of alfalfa protein obtained by these two methods of feeding. 

In this connection it is of interest to note that Sotola (19), in his 
studies of the biological value for sheep of the protein in alfalfa hay 
cut at various stages of maturity, pointed out the effect of a difference 
in plane of protein intake on the biological values of the protein in 
rations. On an average, the biological value of the protein in the hay 
cut at the three-fourths to full-bloom stage was 68, as compared with 61 
for hay cut at earlier stages of maturity. Sotola concluded that the 
higher biological values for the later cut hay were ^Mue more to a loww 
concentration of protein in the ration than to the number of the cutting.’^ 

It seems probable that the wide difference in the protein content 
of alfalfa stems and of alfalfa leaves w^as the reason Sotola {21) se¬ 
cured much higher values foj* the protein in the sterns than in the 
leaves, when each was used as the only feed for sheep. In these 
studies Sotola found an average biological value of 64 for the protein 
in alfalfa stems containing 8.48 to 9.53 percent of protein, on a dry 
basis, and an average biological value of only 44 for the protein in 
alfalfa leaves containing 20.34 to 22.20 percent of protein } Similarly, 
it seems that the wide difference in the plane of protein intake* may 
have been the chief factor in causing the great difference that Sotola 
observed in the biological values of the protein in corn silage and in 
alfalfa hay when these feeds were each fed alone to sheep (20). In 
these studies, the average biological value for corn silage, which 
contained only 5,5 percent of protein on the dry basis, was 94, as com¬ 
pared with 56 for alfalfa hay containing 14.2 percent of protein. 

It is obvious that no attempt was made to standardize the rations 
fed in this third experiment in regard to the ])rotein and energy 
content. Instead, the object was tq, find out whether the excessive 
protein intake and relatively low" energy intake as furnished by a 
ration of alfalfa hay alone would account for the low^ biological value 
of alfalfa protein for sheep reported by other investigators. This 
obmet was accomplished. 

The results of these experiments show that alfalfa hay is probably 
not deficient in quality of protein for sheep when fed in a balanced 
ration as regards protein and total digestive nutrients, and that the 
biological values obtained may depend upon the particular system of 
feeding and experimentation employed. 

These results are,especially interesting since it has been assumed 
»that sheep need larger amounts of cystine, the chief sulphur-contain¬ 
ing amino acid, than other farm animals. This assumption is based 
on the fact that wool is high in this amino acid. Some investigations 
(3) have shown a probable deficiency of cystine in alfalfa hay. How- 
ever, it is k nown that alfalfa hay is quite high in sulphur. If alfalfa 

< Since this petPet wy submit for publication the detailed report of these experiments appeared in the 
foUowhag pubfloatlon: Jour. Agr. E^eanjh 919-945,1933. Sotola, J. the nuteitive value or alfalka 
LEAVES AND STEMS. In this It is Stated with reference to the diiferenoes in the biological values obtained 
yrhm stems, alfalfa leaves, and entire alfalfa hay were fed separately as the only feeds to lambs, “ the 
gd^gwljjyalues are attributed to the differences m protein concentration of the stem, leaf, md whole 
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hay is generally deficient in cystine, these results might possibly 
indicate that this arnino acid can be synthesized somewhere in the 
body, perhaps by the micro-organisms in the digestive tract, from 
the other sulphur-containing compounds present in the hay. 

SUMMARY 

In nitrogen metabolism studies with five growing wether lambs, the 
digestibility, storage, and biological value of the proteins of alfalfa 
hay and clover hay, and of the proteins in the combination of each 
hay with corn, have been determined. These rations were equalized 
in energy content by the addition of cornstarch and canesugar in 
various amounts. 

The average coefficients of apparent digestibility of protein were 50 
for clover hay, 50 for alfalfa hay, 55 for the clover and corn combina¬ 
tion, and 63 for the combination of alfalfa and corn. These results 
are statistically significant in showing that the protein of alfalfa 
is more digestible than that of clover and that the protein of the combi¬ 
nation of each hay with corn has a higher digestibility than the pro¬ 
tein of either hay when fed as the only source of protein. If allowance 
is made for the metabolic fecal nitrogen and the true digestibility 
of the ingested protein calculated, the same relative differences in 
digestibility were also showui. 

No marked differences were observed in the percentage of protein 
stored from the different rations, llow^ever, the difference in the 
proti'in storage from the combination of alfalfa and corn and the 
storage either fiom the alfalfa-hay or the clover-hay ration, were 
sufficient to indicate that these differences w^ere possibly significant 
from a statistical standpoint. 

Very little difference was found in the efficiency with wdiich the 
different proteins w^rc utilized for gj*owth and maintenance, as 
measured by the biological value. The average of the biological 
values WHS SI for clover protein, 79 for alfalfa protein, SO for the 
protein in the combination of clover and corn, and 77 for the protein 
in the combination of alfalfa and corn. 

In an experiment with 3 lambs, alfalfa hay fed with no addition of 
starch and sugar gave biological values averaging 50, whereas after the 
addition of starch and sugar to the ration, the biological value was 72. 
These results indicate the influence which the energy content and the 
plane of protein intake of the ration may have on the biological 
value of protein; they also show that values obtained may depend 
upon the method of experimentation used for their determination. 

These experiments show that alfalfa hay is probably not deficient 
in quality of protein for sheep when fed in a balanced ration. 

LITERATURE CITED 

(1) Association of Official Agricultural Chemists. 

1930. official and tentative methods of analysis . . . Eel. 3, 593 

pp., illus. Washington, D.C. 

(2 ) Forbes, FJ. B. 

- 1915. A metabolism crate for swine. Ohio Aar. Expt. Sta. Circ. 152. 

pp. 75-85, illus. 

(3) Haag, J. R. 

1931. THE PHTSIOLOGICAL EFFECT OF RATIONS RESTRICTED PRINCIPALLY 

on SOLELY TO THE ALFALFA PLANT. II, CYSTINE AS A LIMITING 

FACTOR IN THE NUTRITIVE VALUE OF ALFALFA PROTEINS, Vour 

Nutrition 4: 363-369, 



570 


Journal of Agricultural Research 


Vol. 48, no. 6 


(4) Hart, E. B.j^and Humphrey, G. C. 

1915. THE RELATION OF THE QUALITY OF PROTEINS TO MILK PRODUCTION. 

Jour. Biol. Chem. 21: 239-253, illus. 

(5) -and Humphrey, G. C. 

1916. FURTHER STUDIES ON THE RELATION OF THE QUALITY OF PROTEINS 

TO MILK PRODUCTION. Jouf. Biol. ChcHi. 26: 457-471, illus. 

(6) -and Humphrey, G. C. 

1917. the relation of the quality of PROTEINS TO MILK PRODUCTION. 

III. Jour. Biol. Chera. 31: 445-460, illus. 

(7) -Humphrey, G. C., and Morrison, F. B. 

1914. comparative efficiency FOR growth OF THE NITROGEN OF 
ALFALFA HAY AND CORN GRAIN. Wis. Agr. Kxpt. Sta. Research 
Bull. 33: 87- 107, illus. 

(S) McCollum, K. V. 

1914. THE VALUE OF THE PROTEINS OF THE CEREAL GRAINS AND OF MILK 
FOR GROWTH IN THE PIG, AND THE INFLUENCE OF THE PLANE OF 
PROTEIN INTAKE ON GROWTH. Jour. Biol. Chcm. 19: 323-333. 
(9) Maynard, L. A., Miller, R. C., and Krauss, W. E. 

1928. STUDIES OF PROTEIN METABOLISM, MINERAL METABOLISM, AND 
DIGESTIBILITY, WITH <XOVER AND TIMOTHY RATIONS. N.Y. 

(Cornell) Agr. Expt, Sta. Mem. 113, 33 pp. 

(10) Mitchell, H. H. 

1924. A METHOD or DETERMINING THE BIOLOGICAL VALUE OF PROTEIN. 

Jour. Biol. Chem. 58: 873-903. 

( 11 ) - 

1924. the BIOLOGICAL VALUE OF PROTEINS AT DIFFERENT LEVELS OF 
INTAKE. Jour, liiol. Chem. 58: 905-922. 

( 12 )- 

1926. THE DETERMINATION OF THE PROTEIN REQUIREMENTS OF ANIMALS 
AND OF THE PROTEIN VALUES OF FARM FEEDS AND RATIONS. 

Bull. Natl. Research Council 55 (v. 11, pt. 1), 44 pp. 

(13) - 

1928. A NOTE ON QUANTITATIVE METHODS OF MEASURING THE NUTRITIVE 

VALUE OF PROTEINS. Biochpin. Jouf. 22: [13231-1326. 

(14) - 

1929. THE MINIMUM PROTEIN REQUIREMENTS OF CATTLE. Bull. Natl. 

Research Council 67, 84 pp, 

(15) Morgen, A., Beger* C., and Wbsthausser, F. 

1914. DIE STICKSTOFFHALTIGEN STOFFWECHSELPRODUKTB UND IHRE 
BEDEUTUNG PUR DIB BKSTIMMUNG DER VERDAULICHKEIT DE8 
PROTEINS IN DEN FUTTERMITTELN. Latldw. Vcrs. Sta. 85*. 1 104. 

(16) Morris, S., and Wright, N. C. 

1933. THE NUTRITIVE VALUE OF PROTEINS FOR MILK PRODUCTION. I. A 
COMPARISON OF THE PROTEINS OF BEANS, LINSEED, AND MEAT 

MEAL. Jour. Dairy ReseilJhch 4: 177-196, illus. 

(17) Nevens, W. B. 

1921. tHB PROTEINS OF COTTONSEED MEAL. II. NUTRITIVE VALUE. Jour. 

Dairy Sci. 4: 552-588. 

(18) Scales, F. M., and Harrison, A. P. 

1920. BORIC acid MODIFICATION OF THfe KJELDAHL METHOD FOR CROP AND 
BOIL ANALYSIS. JouT. Indus. and Engin. Chem. 12: 350-352. 

(19) SOTOLA, J. 

1930. THE EFFECT OF PLANT MATURITY ON THE BIOLOGICAL VALUE OF 

ALFALFA PROTEINS. Amer. Soc. Anim. Prod, Proc. 1929: 24-29. 

( 20 ) - 

1930. BIOLOGICAL VALUES AND SUPPLEMENTARY RELATIONS OP THE PRO¬ 
TEINS ALFALFA HAY AND CORN AND SUNFLOWER SILAGE. 

Jour. Agr. Research 40: 79-96. 

( 21 )--- 

1933. BIOLOGICAL VALUES OF THE PROTEINS, DIGESTION COEFFICIENTS OF 
ORGANIC NUTRIENTS, AND CALCIUM AND PHOSPHORUS BALANCES 
OF LAMB RATIONS CONSISTING OF ALFALPA LEAVES AND STEMS. 

Amer. Soc. Anim. Prod. Proc. (1932) 25: 200-204. 


o 



lapioFMmmjm 

Vot. 48 Washington, D.C., April 1, 1934 No. 7 


RELATION OF LENGTH OF DAY TO GROWTH OF 

TIMOTHY ‘ 

By Morgan W Evans, associate agronomist^ Division of Forage Crops and 

Diseases, and H. A. Allard, senior physiologist, Division of Tobacco and Plant 

Nutrition, Bureau of Plant Industry, United States Department of Agriculture 

INTRODUCTION 

Since 1920, when Garner and Allard ^ first announced their dis¬ 
covery of the principle of photoperiodism, many investigators have 
published results of studies of this phenomenon ns it applies to many 
kinds of plants.* 

In some plants, earliness and lateness are not the only characteristics 
that are affected by changes in the length of day. It has been shown 
that in timothy {FIdeum praie/nse L.) not only time of blooming but 
also elongation of the internodes of the sterns and the number of 
elongated internodes per culm are affected by the length of day.^ 

In a ])reliminary test conducted in 1930 it was found that timothy 
plants that bloom and mature early w'hen grown under natural con¬ 
ditions respond to days artificially made of uniform lengths in a differ¬ 
ent way from plants that are later in their development. This dis¬ 
covery suggested the desirability of conducting an e.xperiment for the 
purpose of determining Uie responses of timothy plants that bloom 
and mature at different times to days that range in length by uniform 
gradations from relatively short to relatively long. 

When plants propagated vegctatively from a single original timothy 
plant are grown at stations in different latitudes, it has been found 
that in the Northern Hemisphere the season for blooming of these 
plants does not progress from south to north at the uniform rate per 
day of one quarter of a degree, as predicted in Hopkins’ bioclimatic 
law.* On the contrary, the plants bloom relatively later at the 
southern stations and relatively earlier at the northern stations than 
this law prescribes.® One possible explanation for this is that the 
development of the plants in the South during early spring is delayed 
by the relatively short days that occur in southern latitudes, and in 
northern latitudes the development is hastened by the relatively long 
days that occur during late spring and early summer. 

' Received for publication Nov. 17,1933, issued June 1934 

» Garner, W. W., and Allard, H A effect of the relative length or day and night and other 

FACTORS OF THE ENVIRONMENT ON GROWTH AND REFRODrCTION IN PLANTS JoUf, ArF. Research 18. 553-606, 
illus. 1920. 

Litrimenko, V. N., and Szeglova, O. A l’adaption PHOTOPftRioDiQUE DEs PLANTES. Rev. Gen 
Bot. 40:1577J-500,16751-689, l747j-768, illus 1928. 

< Evans, m. W. the ufe history of timothy U.S. Dept Agr. Bull. 1450, 56 pp„ illus. 1927. 

« IIOFKINS, A. D. periodical EVENTS AND NATURAJ. LAWS AS GUIDES TO AGRICULTURAL RESEARCH AND 
PRACTICE, Monthly Weather Rev. Sup. 9:5-42, Ulus. 1918. 

« Evans, M. W. relation of latitude to time of blooming or timothy. Ecology 12:18J^-187, illus. 
1931, 
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' MATERIAL AND METHODS 

For this investigation selected timothy plants were used. These 
plants are referred to as strains of timothy. All the strains listed in 
tables 2 and 3, except the last four, were selected from plants grown 
from seed of American origin; the last four originated from seed from 
northern Europe and are later than plants ordinarily occurring in 
meadows in the United States. These strains have been arranged in a 
series, according to the dates when the first florets bloomed on plants 
growing with natural illumination at Washington, D.C., in 1931. They 
represent uniform gradations from the earliest to the latest. The 
experiment was conducted at the Arlington Experiment Farm, 
Rosslyn, Va., near Washington, D.C. 

On December 16, 1930, each of several plants was divided, and each 
subdivision, bearing the same number that had been assigned the 
original plant, was placed in a 3-inch pot. On January 26, 1931, each 
plant was transferred to a 4-inch pot. The plants were grown in a 
cool greenhouse (50® to 55® F.) until February 18, 1931, wdien they 
were removed to coldframes built upon trucks on tracks. These 
trucks were moved out of doors for 10 hours each day until the final 
tests under the various lengths of day began; during the remainder 
of the time they were kept in dark houses. 

After the experiment was begun, plants of each strain were grown 
under all or part of the following numbers of hours of illumination 
each day: 10, 12, 12.5, 13, 13.5, 14, 14.5, 15, 16, 17, and 18. In 
addition, one or more plants of each strain, used as controls, were 
grown under the natural lengths of day. 

The length from sunrise to sunset of tlie longest day occurring at 
Washington is 14 hours and 54 minutes. The plants grown with 
imiforra lengths of /lay less than this maximum w^re placed in metal 
cans or buckets on trucks, which were moved into ventilated dark 
houses for that part of each day during which the plants received no 
illumination. The plants growm wdth 15 hours or more of illumination 
each day w^re placed out of doors, where the length of day was ex¬ 
tended as desired by means of electric lights placed over the plants. 

The plants that received 14.5 liours or less of illumination were out 
of doors ^ach day for the periods indicated in table 1, from the date 
the test began until the final records w^re obtained. 


Table 1. —Time (hiring which timothy plants receiving illumination for 10 to ,H.5 
hours daily were out of doors 


Date when 
test began 

Length of 
period of 
Illumina¬ 
tion each 
day 

1 

Hours during which plants 
were out of doors 

1 

Date when 
test began 

Length of 
period of 
illumina¬ 
tion each 
day 

Hours during which plant 
were out of doors 

Apr. 11. 

Do.* .J 

Do. 

Do. 

ITours 

10 

12 

12.6 

13 

From 6 a.m. to 4 p.m. 

From 6 a.m. to 6 p.m. 

From 0 a.m. to fi.30 p.m. 
From 5 a.m. to 6 p.m, 

May 18. 

Do. 

Do. 

JFIourtt 

13.6 
14 

14.5 

From 5 a.m. to 6:30 p.m. 
From 6 a.m. to 7 p.m. 
From 6 a.m. to 7:m p.m. 


Artificial %lit was required in order to obtain constant illumination 
for 15, 16, 17, and 18 hours each day, periods representing approxi- 
mtrtely the maximum lengths of day for the latitudes 41°, 48®, 53°, 
as4 Ji7°, respectively. This added illumination was furnished for 
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each group of plants by four 200-watt gas-filled tungsten lights with 
reflectors, built according to standard specifications. These lights 
were placed at each corner of a square of such dimensions that the 
distance from center to center of the lights was 3 feet. The lights, 
which were kept about 2 feet above each group of plants, were ar¬ 
ranged on an adjustable frame so that they could readily be raised as 
the plants increased in height. Each set of plants was screened by 
partitions high enough to cut off the direct rays of its group of lights 
from all the other sets of plants. 

In order to maintain illumination for a uniform i)eriod each day, 
it was necessa.ry to use electric lights for different lengths of time. 
(\)nstantly decreasing daily periods of artificial light were required 
up to the midsummer solstice, and constantly increasing periods of 
light after the solstice. F'our electric time switches were used to 
control the required decrements or increments of artificial light, and 
the necessary changes were made each day. The tests under all four 
lengths of day, from 15 to 18 hours, began April 11. The lights were 
turned on at 5 p.m., and were kept on for different periods, so that the 
different groups of plants w'ere illuminated for 15, Ifi, 17, and 18 hours, 
respectively, from sunrise each day. 

EXPERIMENTAL RESULTS 

EFFECTS OF DIFFERENT LENGTHS OF DAY ON DIFFERENT PHASES OF GROWTH 

Insofar as vegetative growth is concerned, the plants thrived under 
all lengths of day wdthin the range of this experiment. There were, 
however, great variations (1) in the time wlien the heads emerged 
from the enclosing leaf sheaths, (2) in the time of occurrence of the 
flowTring process, (3) in the characteristics of the stems, and (4) in 
the development of the stems. 

Time When Heads Emkihjk from Enclosing Leaf Sheaths 

The date of emergence of the earliest head of each plant from within 
the enclosing leaf sheath is vshown in table 2. 

In general, the later in the season the heads appeared on [dants 
grown with natural illumination, (he greater was the number of hours 
of illumination recpiired for the development- of the inflorescences on 
jdants of the same strain grown with artificial light. Plants of the 2 
strains that were earliest under natural conditions produced inflores¬ 
cences wdien sul)jected to onl^- 10 hours of light each day. Plants of 
1 of the 4 strains that were latest under natural illumination required 
day lengths of 14.5 hours, while none of the plants of the other 3 
strains of this group produced inflorescences under less than 15 hours 
of illumination daily. Plants of the other strains had a minimum 
light requirement of between 10 and 14,5 hours each day for the 
development of inflorescences; in general, the minimum number of « 
hours of illumination required tended to increase gradually as the 
time of heading became later on the plants of these strains w^hen 
grown under natimal conditions. 

• As the number of hours of illumination each day increased, the date 
of heading on the plants of any strain gradually became earlier until 
the optiftium day length had been attained; after this, even wuth con¬ 
tinued increase in the length of day, the date of heading remained 
practically the same. This statement may be illustrated by the 
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records of the plants of strain no. 9220 (table 2). Under hatural 
conditions, the first head appeared on the control plant on June 18. 
On the plant grown with 10 hours of light each day, no inflorescence 
developed; on that grown with 12 hours of light the tip of the first 
head appeared on July Ill. With increasing length of day the time 
of heading gradually became earlier, until with 16 hours of illumina¬ 
tion the time of heading occurred on May 19. When exposed to 17 
and 18 hours of light each day, the heads of the plants appeared on 
May 18, practically the same date as on the plant grown under a 
16-hour day. 

Time of Flowekinij 

The relative dates at which the first florets appeared on plants of 
the different strains grown with different periods of illumination cor¬ 
responded, in a general way, to the relative dates at which the first 
heads had appeared on the same plants about 12 to 15 days earlier. 



Fiiti'KK 1, Datos in iU31 when the first florets bloomed on different timothy strains (iiuhcated by uumliers), 
Krown under variou.s constant daily periods of illumination. 

In plants that under natural conditions range gradually from very 
early to very late the response to days of different lengths, as indicated 
by the time of flowering, is quite consistent (table 3). On the control 
plant of strain no. 19456, the first florets bloomed on June 3; this was 
the earliest plant to bloom under natural conditions. On the plant 
of this strain grown with 10 hours of light each day, the first florets 
bloomed on June 29. As the date of flowering became later on plants 
of the dift*erent strains grown under natural conditions, the minimum, 
number of hours of illumination under which any florets bloomed 
gradually increased, until, in the case of strain no. 19461, which was 
the latest to bloom under natural illumination, no florets appeared on 
•plants grown under days of uniform length of less than 15 hours. 

As the length of day increased, the dates on which the florets on the 
plants of any particular strain bloomed gradually became earlier up 
to the optimum period of illumination, after which there was no fyrther 
increase in earliness. This tendency is shown by the records in table 
3 and the curves in figure L Under natural conditions, the first florets 
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on plants of no. 11966 bloomed on June 26. When the plants were 
grown under days 10 to 13 hours long, no florets bloomed; when they 
were grown with 13.5 hours of light, florets began to bloom on July 
14. As the length of day increased, the date of blooming became 
gradually earlier up to days of 17 hours, under which the earliest 
florets bloomed on June 3. When the length of day was increased 
from 17 to 18 hours, the date of earliest bloom remained the same, 
June 3. There was a similar response to days of diflerent lengths in 
the plants of other strains. 

The later the plants of any strain of timothy grown under natural 
(conditions produce inflorescences and florets in bloom, the greater is 
the length of day required for normal development when the plants 
are growm with days of various constant lengths. This statenumt is 
illustrated in figures 2 to 6, wdiich show the plants as they appeared on 
July 1. The plants of strain no. 19456, the earlmst under natural 
conditions, when grown with 12 hours of light each day produced 





FKfruK 2 -Plants of timothy strain no 1945G, grown under diiferent lengths of day, as indicated by num¬ 
ber of hours on containers The control plant (C) was grown under natural length of day. Photographed 
July 1,1931. 

inflorescences on which florets liad bloomed before July 1. The plants 
of strain no. 15092 required a day of about 13.5 hours, and those of 
strain no. 6127 a day of 14 hours for normal growth. The plants of 
no. 19461, which was the latest strain used in this experiment, re¬ 
quired a day of 16 hours for the production of normal culms with 
inflorescences. 

If the natural length of day is too short for the development of 
c.ulms and inflorescences of any timothy plant, it may be artificially 
increased, by means of electric light, to the daily number of hours of 
illumination which the plant requires. This is illustrated in figure 7, 
wliich shows plants of strain no. 19461 OTown with natural illumination 
and with 15, 16, 17, and 18 hours of light each day. On the plants 
grown w\th natural illumination no inflorescence's appeared until 
July 13, whereas on the plants grown with 16, 17, and 18 hours of 
light each day, normal culms and inflorescences had developed be¥ore 
June 25. 
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Figttke 4.—Plants of timothy strain no 6127. grown under different lengths of day, as indicated by number of hours on containers The control plant (C) was 

grown under natural length of day Photographed July 1. 1931. 
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ClIAKACTEUISTICB OF 8 tEMS 

The stems of plants which are 
grown with sufficiently long periods 
of illumination eacdi day to enable 
the inflores(*ences to develop in a 
normal manner and on which the 
florets bloom at a normal time usu¬ 
ally grow upright. In this experi¬ 
ment the plants that were grown 
under days too short for normal 
development of the inflorescences 
were commonly characterized by 
stems which wece de<*lined or whi(*h 
were more or less procumbent at 
the base, sometimes bearing inflo¬ 
rescences witli proliferations. Fig¬ 
ures 3 and 4 show that tlu'. plant 
of strain no. 15092 grown with 12.5 
hours of illumination and the jdant 
of strain no. 0127 grown with 13.5 
hours of illumination daily had a 
tendency to a spreading habit of 
grow’^th owing to the de(Tined posi¬ 
tion of the stems. 

On plants of all strains except 
those that were earliest under natu¬ 
ral (conditions, no elongation of the 
stems occurred under the shortest 
periods of illumination. Thus, on 
the plants of no, 9127 (fig. 4), there 
was no elongation of stems under 
10 to 13 hours of illumination daily; 
(jnder 13.5 hours of illumination, 
elongation occurrcnl although the 
stems were somewhat declined; on 
the plants gnwn under 14 and 14.5 
hours of light each day and those 
grown under natural illumination, 
the stems grew^ in an upright posi¬ 
tion. 

Length of Stems 

At the time of the first blooming 
of the florets of a timothy plant, 
the stems on which the inflores¬ 
cences are borne have attained 
only a part of their final length.’^ 

The data obtained in this ex¬ 
periment show that when the first 
florets bloomed the actual length 
of the stems varied according to the 
number ot hours of daily illumi¬ 
nation under which the plants had 

? Evans, M. W. Pp. 10-13. (See footnote 4.) 



been grown. The records show 

* # 
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that generally, as 'the length of day increased, the length of the stems 
of the plants of any strain on the date when the first florets bloomed 
gradually increased to the maximum. After this maximum had been 
reached, the length of the stems was not essentially changed by con¬ 
tinued increase m the length of day. For example, when the plants 
of timothy no. 11902 were grown with 12 hours of light, the longest 
stem was 16 inches at the time the florets began to bloom; as the 
length of day increased, the length of stem at the time the first flo¬ 
rets bloomed also increased by fairly uniform steps to a maximum 
length of 41 inches on the plant grown with 15 hours of light each 
day. On the plants grown with 16, 17, and 18 hours of illumination 
dally, the length of the longest stem at the time the first florets 
bloomed was either 40 or 41 inches, practically the same length as on 
the plant illuminated for 15 hours each day. Table 4 and figure 8 



I KJURic 7 —Plants n( timothy strain no 10461 grown under natural length of day (C) and with days longer 
than normal, as indicated by number of hours on containers^ This strain of timothy is the latest one 
(when grown under natural conditions) that was used in this experiment Photographed June 25,1931 


show the average length of the longest stems of the plants in groups 
of early, medium, and late strains of timothy grown under different 
lengths of day. 

BESULTS OP CONTINUED GROWTH UNDER DAYS TOO SHORT FOR DEVELOPMENT 
OP CULMS AND INFLORESCENCES 

In relation to thos^ plants which were grown under days of short 
lengths and on wliich only vegetative growth had taken place prior to 
July 1, the question anses as to whether continued growth for a longer 
time under the same conditions would have resulted in the develop¬ 
ment of culms and inflorescences. The results obtained with t|ie 
plants of strain no. 15485 are fairly typical and may be used to illus¬ 
trate the general behavior, in this respect, of the plants of all the 
strains of timothy studied. Figure 9 shows the condition of Ihe plants 
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of this strain on August 10, 6 weeks after the plants in figure 5 were 
photographed. On plants upon which partial development of culnis 
occurred before July 1, there was a somewhat more advanced develop¬ 
ment on August 10. On plants that were grown with 10,12,12.5, and 
13 hours of Tight each day, and on which only vegetative growth had 
taken place prior to July 1, no further development occurred as a 
result of 6 weeks of added growth. If timothy plants are grown, there¬ 
fore, under days too short for the formation of culms and inflorescences 
these will not be formed even though the period of growth under the 
same light conditions is extended. 



HOURS OF ILLUMINATION EACH DAY (NUMBER) 

Fftii’RE 8 -- Average length of the longest stein (In inches) of early (group J), medium (groups 2 and 3) 
and late (group 4) timothy plants grown under various constant daily periods of illumination 

Tablk 4 - - Average length [inchest), on the date when the firnt florets bloomed, of the 
longest stem of timothy plants grown under various constant daily periods of il¬ 
lumination and grouped according to relative earliness ® 


Average length (inches) of the longest stem grown under indicated hours of 
illumination daily ^ 
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® When grown under'normal conditions,JiilanteJif group l (nos. IW57 and 15092) were the earliest strains 
of timothy used in this experiment; those of^oup 2 (nos. 11902,6127, and 11966) were the next earliest, those 
of group 3 (nos. 9220,12421, and 15485) were next, and those of group 4 (nos, 15445,19459,19460, and 19461) 
were the latest 

<^*lieaders indicate that no average was available, because flowering either did not take place or some of 
the strains failed to flower under the indicated period of illumination. 

«No average given because there were no plants of no. 19457. 
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Figur'B 9 —Plants of timothy strain no 15485, grown undei different length*^ of dav, as indicated b> n»unber of hour*: on containers The control plant (C) was grown under 
natursd k^ircth of day Photographed August 10,1931 '^ome increase in the length of the stems on i>lant‘: Uluniinated for 13 5 hours or more each day since Jidv 1 may 
be otem-ed by comparmg thw photograph with figure 5 L nder 13 hours or Jess of light each dav, no grow th in length of the stems had taken place 




Apr. 1, 1934 Relation of Length of Day to Growth of Timothy 


585 


COMPARISON OF EFFECTS OF NATURAL AND ARTIFICIAL ILLUMINATION 

The length of the longest day at Rosslyn, Va., where this experiment 
was conducted, is 14 hours and 54 minutes, or 14.9 hours. Tables 2 
and 3 show that in most strains of timothy the heads appeared and the 
florets bloomed at approximately the same time on plants illuminated 
for 14.5 hours each day as on the control plants; on the plants grown 
under days 15 hours long, the heads appeared and the florets bloomed 
earlier than on the plants grown with natural illumination. 

EARLINESS AND LATENESS IN TIMOTHY AN ADJUSTMENT TO DIFFERENT LENGTHS 
OF DAY OCCURRING AT DIFFERENT TIMES 

In timothy, as in some other plants,® the earliness or lateness of 
different strains is evidently a matter of the adjustment of the plants 
to length of day. In 
figure 10 the strains 
of timothy are ar¬ 
ranged according to 
the dates when the 
first florets bloomed 
on the plants grown 
with natural illumi¬ 
nation; the first 
heads had appeared 
on the.se plants in 
practically the same 
order. Figure 10 also 
shows the dates on 
which the first heads 
appeared and the first 
florets bloomed on 
plants of most of 
these strains when 
grown with 18 hours 
of light each day, the 
maximum length of 
day employed. When 
the length of day was 
increased to 18 hours, 
plants of those strains 
that are late under 
natural conditions 
produced heads and 
florets in bloom al¬ 
most as early as plants of those strains that are early under natural 
conditions (ng. 10). 

The results of this experiment indicate that in any locality some 
timothy plants produce inflorescences and florets in bloom earlier 
than other plants because they are adapted to relatively short days. 
On those plants that are adapted to longer days, the appearance of 
the heads and the flowering process are delayed until the days lengthen. 

> OaBXI^, W. W., BDd A.UAHD, E. A. PBOTOI^tBtOmC BCSFOMSE OF SOYBEANS IN SELATION TO TEMFERA- 
TUBE AMD OTHER BNVIRONMENTAI. FACTORS. Joot. Agr. Research 41; 719-735, illuS. 1930. 
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TIMOTHY STRAIN NUMBER 

Figure 10.—Dates when the first head appeared and the first florets 
bloomed on timothy plants grown near Washington, D.(", under nat¬ 
ural illumination and under 18 hours of illumination each day. Note 
that plantvS of those strains that are late under natural conditions in 
the latitude of Washington, D C., when grown under 18 hours of daily 
Illumination produced heads and florets in bloom nearly as early as 
plants of those strains that are early under natural conditions in the 
same locality. 
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SUMMARY 

At the Arlington Experiment Farm, Rosslyn, Va. (near Washing¬ 
ton, D.C.) there were grown under days of different lengths strains of 
timothy plants that when grown under natural conditions constitute a 
series ranging by fairly uniform gradations from very early to very 
late in the time their inflorescences appear, florets bloom, and seeds 
mature. In addition to the control plants grown imder natural illumi¬ 
nation, plants were grown with the periods of illumination artificially 
regulated by means of dark houses and electric lights to days 10, 12, 
12.5,13, 13.5, 14, 14.5, 15, 16, 17, and 18 hours long. 

Insofar as vegetative growth is concerned, the plants grew well 
under all lengths of day within the range used in this experiment. 
There were great variations, however, with respect to the time of 
emergence of the heads from the enclosing leaf sheaths, the flowering 
process, and the characteristics and development of the stems. 

The later the plants of different strains of timothy produce inflor¬ 
escences and florets in bloom when grown under natural conditions, 
the greater is the length of day required for normal development when 
the plants are grown under days of different uniform lengths. 

As the length of day is gradually increased above the minimum 
under which development of culms with inflorescences occurs, the 
stems lengthen and the time of the appearance of the inflorescenc^es 
and the blooming of the florets gradually is shortened up to an 
optimum length of day. If the length of day is increased above this 
optimum, there is little added effect—at least up to 18 hours, the 
greatest length of day under which plants were grown in this experi¬ 
ment. 

If the length of day is too short for the development of culms and 
inflorescences within the time that these processes ordinarily occur, 
continued growth of the plants for a longer time under the same length 
of day will not induce their development. 

With a day of 14.5 hours, the timothy plants developed at about the 
same time as plants grown under the natural lengths of days occurring 
at Washington, D.C., which gradually increase up to a maximum of 
14.9 hours at the summer solstice and tRen gradually decrease. When 
plants were grown under a day 15 hours long, they developed earlier 
than the control plants. 

In timothy the earliness or lateness of different strains is evidently 
chiefly a matter of the adjustment of the plants to the lengths of day. 
The results of this investigation indicate that, in any locality, some 
timothy plants produce inflorescences and florets earlier than others 
because they are adapted to relatively short days. On those plants 
that are adapted to longer days, the appearance of the heads and the 
flowering process are delayed until, with the advancement of the 
season, the days increase to the lengths which these plants require for 
development. 



DISTRIBUTION OF OXYGEN AND CARBON DIOXIDE IN 
MUSHROOM COMPOST HEAPS AS AFFECTING MICRO¬ 
BIAL THERMOGENESIS, ACIDITY, AND MOISTURE 
THEREIN' 

By Edmund B. Lambert, associate 'pathologist^ Division of Mycology and 
Disease Survey, Bureau of Plant Industry, and A. C. Davis, assistant ento^ 
mologist. Division of Truck Crop and Garden Insects, Bureau of Entomology, 
United States Department of Agriculture 

INTRODUCTION 

At the present time stable manure is the medium almost univer¬ 
sally used for cultivating the common mushroom {Agaricm campestris 
L.)- Growers have learned from experience that a period of compost¬ 
ing is necessary before the manure is suitable for making up into beds. 
A rapid fermentation during which comparatively high temperatures 
are generated is apparently desirable. In general the rate of decom¬ 
position of the manure and the suitability of the finished compost for 
mushroom growing seem to be largely dependent on the size and shape 
of the compost heap, its height and compactness, the quantity of 
water added during turning, the thoroughness of the mixing, and the 
number of days between turnings. These factors probably influence 
the condition of the finished compost primarily by establishing in the 
compost heaps conditions of aeration, moisture, and temperature, 
which in turn establish the trend of the development of the microbial 
and insect population of the heaps. 

The studies described in this paper were undertaken in order to 
improve composting practice by learning something of the distribution 
and interaction of these physical and biological factors in typical 
mushroom compost heaps. At first the writers were concerned prin¬ 
cipally with recording the temperature, aeration, moisture content, 
and acidity in all parts of standard mushroom compost heaps. As 
the observations progressed it became apparent that conditions are 
radically different in different parts of compost heaps and that the 
factore of temperature, moisture, and acidity are dependent on 
aeration, presumably through its effect on microbial activity, in a 
roughly predictable manner. From these observations an attempt 
has been made to derive principles that will give the experimenter 
an approximate conception of the conditions of aeration, temperature, 
moisture, and acidity to be expected in all parts of stable manure 
composted as for mushroom culture in heaps of any size or shape. 

I Received for publication Nov. 28,1933, issued June, 1934. 
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METHODS 

Ordinary soil theirmometers were used for taking temperatures in 
compost heaps. After the metal tips of these thermometers are 
heated the instruments may be removed from the compost and read 
before the mercury begins to fall. P’or readings at depths greater 
than 1 foot it was necessary to add extensions to the handles. Com¬ 
plete immersion of these thermometers seems to cause little difference 
in the readings, and this may be determined and a correction applied. 
The use of ordinary thermometers of any tjrpe is not desirable for 
three reasons: (1) The faJl of the mercury is very rapid once the 
instruments have been removed from the manure and it is conse¬ 
quently very difficult to take accurate readings; (2) in drawing the 
thermometers from the bottom of the heaps through the warmer 
interior the readings change materially; and (3) it is necessary to 
punch holes in the heaps larger than the diameter of the thermometers 
in order to drop them in, thus admitting currents of air that, fre¬ 
quently change the temperature. 

In taking temperatures the thermometers were placed at horizontal 
and vertical intervals of 6 inches or 1 foot in the heap, depending 
on the time available and the accuracy desired. After each reading 
the thermometers were cooled to about 80° F., put into the same 
holes, and shoved down to the next level. The readings obtained 
were recorded on crosshatched paper, and the tem])erature contours 
wore filled in later. 

Samples of air from within the compost heaps were obtained by 
means of a metal (nbe having a ^arply pointed end. Just behind 
the point four holes were bored for the air to enter. This tube was 
connected with rubber hose to an Orsat gas-analysis apparatus and 
could be thrust into the pile at any point for sampling. The air was 
removed from the tubing before each sample was taken. Samples 
from within the heap were passed first through a solution of potassium 
hydroxide to absorb the carbon dioxide and then through alkaline 
pyrogallol to absorb the oxygen. The probable error of the Orsat 
apparatus under these conditions «eemod to be about 0.2 percent. 
At times the error of sampling was probably several times this figure. 
A possible source of error is recognized in the presence within the 
compost heaps of gases, other than carbon dioxide and oxygen, that 
might be soluble in potassium hydroxide or alkaline pyrogallol. But 
in all probability the presence of such gases in small quantities would 
have little bearing on the problem under consideration and would 
not affect the evidence or the conclusions in any way. 

The hydrogen-ion concentration of samples from different parts of 
the compost heap was determined with a portable potentiometer by 
the quinhydrone method. The determinations were made in the fi.eld 
so that the samples were tested only a few minutes after they were 
removed from the compost heap. There is a tendency for the readings 
of manure samples to drift toward the alkaline side after the quin¬ 
hydrone is added. To equalize this effect all samples were allowed 
an equal period (4 minutes) between the adding of the quinhydrone 
tmd the talcing of the readings. PreliminaiT tests showed an average 
difference of only_ 0.05 between the pH values of aliquot samples of 
cd^pst tested with the hydrogen electrode and those tested with the 
quiifetydrone electrode. 
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TESTS FOR CARBON DIOXIDE AND OXYGEN 

Samples of air were taken at first from typical mushroom compost 
heaps at the Arlington Experiment Farm, Rosslyn, Va., 8 or 4 feet 
high and without artificial ventilation. Later, aspirations were made 
from commercial storage heaps 5 to 6 feet high, and from heaps with 
artificial ventUation at the ground level. In all heaps without arti¬ 
ficial ventilation the oxygen content of the air in the interstices of 
the compost decreased steadily as the bottom center of the heap was 
approached from the sides or from the top. Anaerobic conditions 
were usually found within 2 or 3 feet froin the side of the heap and 1 
foot from the upper surface. Carbon dioxide analyses of the same 
samples of air indicated a corresponding increase in carbon dioxide 
as the lower center of the heap was approached. These phenomena 
are presumably due to the presence of an actively respiring microbial 
flora. 



GROUND LEVEL 



' GROUND L EVEL 


Figurk 1.—Cross section of ft mushroom compost heap from side to center, 12 feet from the end, showing 
the concentrations of oxygen (A) and carbon dioxide (li). 


Contours showing tbo concentration of oxygen and carbon dioxide 
in a typical unventilated heap 3 feet deep are given in figure 1. The 
dip in the contour lines which appear 5 feet from the side of the heap 
suggests convection currents. 

In most samples in which the oxygen content w’as more than 1 
percent, the sum of the oxygen and carbon dioxide percentages was 
approximately 21 percent. This, of course, is roughly the percentage 
of oxygen in the ordinary outside atmosphere, and the constant 
recurrence of this figure may be taken to indicate that the average 

respiratory ratio of the heterogeneous microbial population 

of the compost heap approximates unity under aerobic conditions^ 
The increase in concentration of carbon dioxide seems to rfeach a 
limit at approximately 30 percent. The fact that mamme decom- 
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position is arrested in this section is easily observed while the compost 
heap is being turned, especially during the second turning. At that 
time the manure in a mound-shaped region in the lower central part 
of the heap is distinctly “greener” than the remainder of the heap. 
No attempt was made to determine whether the 30 percent carbon 
dioxide content is responsible for this retarded fermentation; nor 
were analyses made of the remaining 70 percent for combustible 
gases, such as hydrogen and methane, which are known to be generated 
under similar conditions. 

Tests were made to determine the rapidity with which the concen¬ 
tration of carbon dioxide builds up after the manure is turned. As 
shown in %ure 2, it was found that the carbon dioxide content begins 

to increase rapidly im- 

20 i I —1 1 I I I I I mediately after turn¬ 

ing. In 7 hours the 
carbon dioxide concen¬ 
tration hud reached 
approximately 20 per¬ 
cent, and no oxygen 
could be detected. 

For several vears a 
few commercial mush¬ 
room growers have 
been placing ventilat¬ 
ing tunnels of lattice 
work under the center 
of their compost heaps 
to speed up decompo¬ 
sition. To determine 
the effect of ventilation 
of this kind, bench 
tile was laid on the 
ground across an ex¬ 
perimental compost 
heap and aspirations 
were made at different 
levels above the tile 
and at different lateral 
distances from the 
tiled area. The results 
of carbon dioxide anal¬ 
yses from these aspirations are given in figures 3 and 4. It should 
be noted that there is no anaerobic region in any part of the heap 
above the ventilation tile. Unlike the conditions in ordinary heaps 
the percentage of oxVgcn is higher at the bottom than at 1 or 2 feet 
from the top. The data in figure 4 indicate that the lateral extension 
of the effect of ventilation tile on aeration is rather limits. In the 
heap studied anaerobic conditions prevailed at a lateral distance of 2 
feet from the tiled area. 



FiQUKE 2 " 


2 3 4 5 6 ^ 

HOURS AFTER TURNING ( NUMBER ) 

-Hate of accumulation of carbon dioxide in center of 
mushroom compost heap after turning. 


TESTS FOR TEMPERATURE 


Twc r or three days after the compost was mixed the contours of 
' temprt^ures were found to be substantially the same in all the flat 
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heaps studied. Typical contours are shown in figures 5 to 8. In 
general the exterior 3 or 4 inches of the compost heaps varies from 
slightly above air temperature to above 100° F., depending on the 
moisture content and the tightness with which the manure is packed. 
Consistent temperatures begin to be found at a depth of about 6 
inches. At the ground level temperatures are relatively low', usually 



Fill UR E 3 —Ooss section of one half of compost heap ventilated with greenhouse bench tiles at ground 
level. Numbers encircled repre.sent concentrations of carbon dioxide; other numliers represent concen¬ 
trations of oxygen, at points indicated by dots. Arrows indicate currents of air 

from 110° to 120° at points witliin the heap 2 to 4 feet froni the side, 
then droppinfr as the center of the heap is approached until temper¬ 
atures of less than 100° may be encountered. Above the ground 
there is a similar temperature range. The low-temperature region 
forms a low mound in the center of the pile roughly corresponding 



Figure 4 —Longitudinal section of portion of compost heap ventilated with greenhouse bench tiles. Sec¬ 
tion taken across tiles to show iiercentagos of oxygen and carbon dioxide immediately above, and at 
different lateral distances from source of air. Numbers encircled represent percentages of carbon dioxide; 
other numbers represent percentages of oxygen, taken at points indicated by dots. Arrows represent 
currents of air. 

to the anaerobic region. Above this the layers of successively higher 
temperatures rise in more or less regular strata, followrin^ the outfines 
of the mound. The hottest portion of the heap occupies the space 
between the sides of the heap and the central anaerobic mound. It 
usually extends from 6 inches to 2 feet down from the top and from 
1 to 4 feet in from the sides. Though usually somewhat oval, it 
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varies in shape and may contain from 2 to 5 square feet in cross 
section. In this region, forming a ring like a huge elongated dough¬ 
nut about the center of the pile, the temperature is usually in the 
neighborhood of 170°, although 182° was recorded on one occasion. 

In view of the work of numerous investigators on microbial ther¬ 
mogenesis { 6 , 7 , 8 ),^ there can be little doubt that this distribution 



PiouRE 5—Crass sedion 6 feet flora end of compost heap 2 feet high, showing temperature contours 



JbKH EE 6 —C’ross section thiough compost heap 4 feet high, showing temperature contours Letters in 
circles designate points referred to in the text 



of temperature is due largely to the thermogenic activities of an 
active microbial population. < 

The warm region apparently is favorable for the accumulation of 
heat b^ause it is well insulated from outside temperatures and at the 
time is comparatively well supplied with oxygen. The outer 

i ma<i« by numb«r (ItaUc) to Literature Cited, pp 600 ,601. 
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layers are cooler because of the lack of insulation from the outside; 
and the lower central region is cooler because the lack of oxygen 
retards the microbial activity. The slight extension of the high- 
temperature region into the adjacent anaerobic region is probably due 
to the conduction of heat from the aerobic region. 

Although moderate aeration seems to be necessary for the produc¬ 
tion of liigh temperatures, an excessive current of air through decom¬ 
posing material may have a cooling effect. This was especially 
noticeable in heaps of artificial manure made at the Arlington 
Experiment Farm in the fall of 1930. In these experiments some 
heaps were made witli straw as it came from the straw stack; whereas 
other heaps were made with the same weight of straw" and chemicals, 
but the straw used 
had been chopped by 
means of a com cutter 
into 3-inch lengths. 

There were 12 pairs 
of these comparable 
heaps, and in every 
case during the early 
part of the composting 
period the lieapsmade 
with short straw" were 
from 40° to 80° F. 
warmer than those 
made with long straw-. 

After a few weeks of 
composting, when the 
long straw had lost 
much of its stiffness, 
the difference was not 
so noticeable. 

Irregularities in the 
exterior contours of 
the heaps illustrated in 
figures 5 and 6 may 
also have been caused 
by excess! \"e aeration 
due to convection cur¬ 
rents. In hand-turned 
piles there is usually more or less “flaking”, or stratification, on oblique 
linos from the center, and the air passes into the heap along ttiese strata. 
This is probably the cause of the convex contour in figure 6, the warm 
air rising at a, drawing in cool air at c, and causing the convexity at b. 
The extension of the hotter regions toward d is probably due to oxygen 
brought in by this fresh air, which is available for the heating of the 
manure beyond the point where the cooling effect of the excessive 
aeration is felt. In more uniformly turned piles the contours would 
be expected to be more regular, as in fi^ire 7. 

*In heaps of the same area, but 2 feet in depth, the contour pattern 
is practically the same on a vertically compressed scale as in the 
higher heaps, except that the cool central mound tends to occupy a 
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slightly greater proportion of the heap than is the case in the higher 
heaps (fig. 6). 

A fairly typical contour pattern for conical heaps is shoOTi in 
figure 8. In this type of heap the cool central region at ground level 
is relatively small, but the cooling effect of outside air being drawn in 
at the lower sides influences a relatirely far greater region. 



Figure 9 —Crosb section of compost heap ventilated with greenhouse bemh tiles, taken parallel to tiles 
Note that whole bottom la>er is above 120° F 

In large heaps of the ridged typ^, in some places, the cross 
section resembles that of the conical heap, except that the sides are 
perpendicular to a height of 3 or 4 feet and taper thence to a truncate 
ridge. These piles are 50 to 60 feet long. In these heaps it would be 
expected that the contours in cross section would resemble those in 
figure 8 more or less closely. Because the currents of air have access 



Figure lO —Longitudinal section of compost heap ventilated with greenhouse bench tiles, taken at right 
* angles to tiles 


on only two Bides, it is probable tbat the cooler region at the lower 
sides will be smaller, and that in the center at ground level larger. 

As pointed out in the discussion of aeration, for some time it has 
been the practice of a few growers to place beneatli the composting 
beeps hea’^ lattice trouglis, or other means of admitting,air to the 
bot^esD, The effect of this procedure on the temperature contours is 
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shown in figures 9 and 10. It will be seen that the temperature at the 
ground level is raised uniformly to above 120° F. In the upper 
strata the liigh-temperature areas coalesce, so that the temperature 
contours are flattened out and the temperature of the whole heap is 
raised and made more nearly uniform. Undoubtedly this is due to 
the comparatively uniform distribution of oxygen that was present 
over the ventilation tiles. Wlien temperatures were taken in a plane 
at right angles to the tiles, it was found that tl\e parts of the heap 
more than a foot away from the tiles at ground level were not much 
affected. As would be expected, a foot or so above the tile the heat 
of the manure extends laterally for a somewhat greater distance. 
From the data at hand, however, it would seem that the lateral 
extension of the effect of aerating devices is rather limited. 

In order to ascertain how long it would take compost to attain its 
maximum heat after turning, with its attendant aeration, the bulbs 
of recording thermometers were placed in various portions of the 
4-foot heaps. In the heaps without tile the temperatures usually 
reached their maximum in from 18 to 24 hours in the portions of the 
pile well off the ground but at points at or near ground level continued 



FrouRK 11 —Record of terat^eratures in different parts of mushroom compost heap after the second turn¬ 
ing. The small diagram indicates the positions of recording thermometers by dots and by the symbols 
i-Q, 2-G, 1-R, 2-R, etc. 


climbing for 144 to 168 hours or more, as shown in figure 11. In 
these piles the difference in temperature between the lowest and 
highest points at the end of a week or 10 days may be as much as 40° F. 
and was usually in the neighborhood of 20°. By tliis time the 
temperatures are usually running along fairly evenly or dropping 
slightly. The influence of external weather conmtions is very evident. 
There is a sharp rise in temperature, even at the bottom of the pile, at 
about noon on warm days, and a corresponding drop at night. Rain 
causes a sharp drop ano a nearly equally sharp rise in temperature, 
affecting the upper portions of the heaps more than those lower down., 
In ventilated compost heaps the temperatures rise more slowly, 
attaining their maximums in irom 48 to 72 hours, the lower portion 
of the heap being the slowest to warm up. After the maximum 
'temperature has been reached and held for 24 hours or so the tem¬ 
perature slowly drops until the next turning, descending perhaps 25°, 
as shown in figure 12. The difference between points in the lower 
and upper portions of the heaps is, as has been pointed out, much 
less, being only about 8°. The influence of external weather conditions 
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is seen in these piles but is veiy much less evident than in the unven¬ 
tilated ones. 

HYDROGEN-ION CONCENTRATIONS 

There is a considerable difference in the opinion of different workers 
on the question of the acidity of the compost. Duggar {4) in 1906 
stated that manure which has undergone fermentation for a few 
weeks is usually slightly acid in reaction. This statement was 
accepted for 20 years and substantiated by Bechman {2), who found 
a reaction of pH 6.4 in mamu-e that had fermented 21 days. On 



the other hand, Beach (J) and Lambert (S) found an alkaline reaction 
in numerous samples of mushroom compost from commercial 
• establishments in eastern Pennsylvania. The pH values recorded in 
the present study indicate <an alkaline condition in well-aerated com¬ 
post and an acid condition in the parts of the heap composting under 
anaerobic conditions. It is possible that the discrepancies in the 
results of different workers can be cx|>lained on this basis. ‘ 

The results of a series of tests of the pH value in different parts of 
a compost heap are given in figure. 13. It is apparent that the outside 
layei^of this heap was largely alkaline or neutral (pH 8.5 to 7.1), 
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whereas the anaerobic mound at the bottom of the heap was pre¬ 
dominantly slightly acid (pH 6.6 to 5.1). The general trend from an 
alkaline reaction in the outside layers toward a slightly acid reaction 
in the lower central portion is unmistakable, although there are 
several notable exceptions. Manure subject to firefang was neutral 
or alkaline in reaction, and manure over tile ventilation as a rule was 
more alkaline than manure taken from the bottom of unventilated 
heaps. 

MOISTURE CONTENT 

Moisture is one of the most variable factors in a compost heap. 
In general, mushroom growers attempt to maintain approximately 
150 percent of water in the compost on a diy-weight basis. Water 
is usually added during the process of turning the compost, and in 
many cases soil is added to the manure to help conserve the moisture. 
As a result of these practices a moderate moisture content is main¬ 
tained in most of the compost. On the other hand, there is always 
a tendency for the compost to dry out excessively on the sides of the 
heap. This is undoubtedly due to the taking up of moisture by cur- 
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FiGuitK 13. —Ooss section of compfist Jioup, showing pH values of composting manure, 7 days after second 
turning, taken at jjolnti? indicated by dots The surface layer is alkaline (pH 8 0 to 8.5). The aerated 
layers on the sides of the heap range from pU 7.1 to 7 H. The w et layer on the bottom center is usually 
acid (pU 5 I to 6.6), with occasional alkaline siKits (pH 8 0 to 8 4). The hrefanged manure (/) is aklalme 
os a rule. 


rents of air which are warmed upon entering the lieap. A tendency 
to dry out is noticeable also in the layer of manure in contact with 
ground-level ventilators. A converse condition is noticeable in the 
upper 6 inches of the heap. Here the warm air from the lower regions 
rises to the surface saturated with moisture that condenses when the 
air reaches the cool outer shell. As a result there is usually a wet 
layer over the surface of the heap. Toward the end of the composting 
period there is usually less tendency for the compost to drj^ out than 
in the beginning when the straw in the manure is still stiff! 

DISCUSSION AND CONCLUSIONS 

It is evident from the data presented that there are markedly 
different conditions of aeration, temperature, acidity, moisture, and 
rate of decomposition in different parts of ordinary flat mushroom 
compost; heaps and that these conditions are distributed in a regular 
manner that is fairly consistent for heaps of similar size and shape. 
Perhaps it would be well to point out here the changes in thesd con- 
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ditions to be expected from changes in the size and shape of the heap 
and some of the implications of these phenomena in the general 
problem of improving the composting practice for mushroom culture. 

Considering aeration first, it has been shown that there is a pro¬ 
gressive reduction in oxygen accompanied by an increase in caroon 
dioxide in the interstices of the manure as the center of a compost 
heap is approached from the outside, and that 8 hours after turning, 
anaerobic conditions prevail in regions deeper than 1 foot from the 
top of the heap and more than 3 feet within the side of the heap, 
likewise, it is apparent that when ventilators are run under the 
center of the heap along the ground the anaerobic condition, high 
in carbon dioxide, in the lower central part of the heap, is changed to 
a fairly well aerated one. Vertically this change extends from the 
ventilators to the top of the heap, but laterally the aeration does 
not seem to extend more than 2 feet. It is evident from these obser¬ 
vations that increases in the height or the width of unventilated 
compost heaps tend to increase the proportion of manure subject to 
anaerobic conditions over that subject to aerobic conditions. On 
the other band, anaerobic conditions can be entirely eliminated by 
the use of closely spaced ground ventilators. 

The distribution of temperature in the compost heap seems to be 
dependent on three factors, namely, aeration, conduction, and con¬ 
vection. The highest temperatures (160° to 180° F.) are usually 
co nfin ed to a region 2 to 4 feet within the sides of the heap and 1 to 
3 feet from the top. The outer layers are cooler because of the lack 
of insulation from the outside and the, lower central region is cooler 
because the lack of oxygen retards microbial thermogenesis. Since 
thermogenesis is retarded by a lack of oxygen, changes in the height 
or width of the heap can be expected to affect the average temper¬ 
ature in much the same way as aeration is changed. Increases in 
the height or width of the heap reduce the average temperature by 
increasing the size of the cool central region, and complementary 
ventilators placed at the ground level materially raise the average 
temperature of the heap. 

A region containing compost having an acid reaction and having a 
comparatively slow rate of decomposition corresponds roughly with 
an anaerobic region, and the proportion of compost subject to these 
conditions is increased also with increases in the height and width of 
the heap. 

It is a conunon observation that currents of air passing into the 
sides of compost heaps or through ventilators at the ground level 
have a tendency to diy out the compost at the sides of the heap and 
surrounding the ventilators. Therefore, reducing the width of a heap 
increases the tendency for it to dry out during composting, and the 
insertion of ventilators at the ground level has a similar tendency. 

> It would seem thed that within reasonable limits decreasing the 
lateral dimensions of a compost heap, or reducing the width of the 
heap as compared to the length, tends to increase the proportion of 
aerated alkaline compost in the heap, to raise the average tempera¬ 
ture,^ and to increase the tendency of the compost to dry out betweeii 
turnip. The insertion of ventilators at the ground level has a sim¬ 
ilar efifect. On the other hand, increasing the height of the.compost 
fhespc as is frequently done when manure is stored for several weeks. 
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tends to increase the proportion of anaerobic acid compost in .the 
heap, to decrease the average temperature, and to some extent to 
reduce the tendency toward drying out. 

The foregoing considerations naturally raise the question, What 
composting conditions are likely to produce the most favorable 
medium for the growth and yield of mushrooms? At the present 
time this question cannot be answered in a categorical fashion in terms 
of size, shape, ventilation, and methods of turning the compost heap. 
Most commercial growers, when using manure of average texture, 
make up their heaps about 4 feet high, 20 feet wide, and 40 to 60 feet 
long. In these heaps about one half of the manure composts under 
anaerobic conditions; and if it were not for the thorough mixing 
obtained dujring the turning process, the lower central part of the heap 
would take 2 or 3 times as long to decompose as the outer portion. 
Preliminary experiments and the beneficial effect of the final fermen¬ 
tation in the beds suggest that an aerated condition in the compost 
heap is preferable to an anaerobic condition provided it can be attained 
without excessive heating or drying out. Theoretically aeration can 
be increased by making the heaps narrower or lower, by inserting 
ventilators at the ground level, or, perhaps preferably, by both increas¬ 
ing the height of the heap and inserting ground-level ventilators. 
Such changes seem worthy of experimental trial, but it should be 
recalled that they also may tend toward excessive drying out and 
overheating and that the beneficial effects of aeration are not well 
established. The problem can probably best be attacked by a series 
of semi-empirical yield experiments combined with a study of the 
microbial and insect population encouraged under different condi¬ 
tions. The large number of factors to be considered and the hetero¬ 
geneity of stable manure, composting conditions, and conditions dur¬ 
ing the growth of the crop will make sure progress slow and expensive. 

As a working hypothesis it may be assumed that composting con¬ 
ditions which produce a favorable medium for the development of 
mushrooms probably do so because they encourage the development 
of a microbial population that is best able to pave the way for the 
subsequent growth and fructification of mushrooms. Such a hypoth¬ 
esis must take full cognizance of the effect of the staling products of 
different groups of organisms on mushroom development as well as 
the action of these organisms in producing changes in the manure 
favorable to the nutrition of mushrooms under competitive conditions. 
Interesting facts pertinent to the latter question have been brought 
to light by the culture studies of Styer {10, 11) and Bechman {2) and 
the proximate chemical analyses of Hubert (5) and of Waksman and 
Niessen {12). 

Raising the temperatures approximately 25° F. at the bottom of 
the heap by ground-level ventilation suggests interesting possibilities 
from the standpoint of reducing the introduction of pests into the* 
mushroom houses with the composted manure. If all houses could 
be properly heated, fumigated during the peak of the heat, and pro- 
*tected thereafter, there would be much less trouble from insect and 
fungus pests; but at present this ideal is usually not attained, and it is 
import^pt that the compost be taken into the house as nearly pest- 
free as possible. In the unventilated heaps a considerable portion of 
the bottom layer is below 100°, and a still greater proportion \)elow 
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110®, temperatures that most mushroom pests can survive for some 
time. It is true that the high carbon dioxide concentration and the 
lack of oxygon might cause insect and fungus pests to cease activity, 
but they probably can survive for a long time under those conditions. 
Temperatures necessary to kill musliroom insects of various species 
in their various stages have not yet been determined with accuracy 
but are certainly below 130°. Chapman {S) gives 125.6° as the 
highest authentic record of temperature endured by any insect. In 
the case of fungus pests the benefits are more uncertain, because 
some fungus pests are known to withstand temperatures higher 
than 130°. 

SUMMARY 

Gas samples taken from all parts of mushroom compost heaps 
indicate an increase of carbon dioxide and decrease of oxygen toward 
the lower central part of the heap. In flat heaps 3 feet deep anaer¬ 
obic conditions are usually found deeper than 1 foot and more than 3 feet 
from the sides of the heap. Compost in this portion of the heap tends 
to be acid, while that in well-aerated portions is alkaline or neutral. 
The highest temperatures (160° to 180° F.) are usually confined to 
a region 2 to 4 feet from the sides of the heap and 1 to 3 feet from the 
top. The outer layers are cooler because of the lack of insulation 
from the outside and the lower central region is cooler because the 
lack of oxygen retards the microbial activity. At ground level tem¬ 
peratures (100° to 120°) are usually lower than in the higher strata, 

E resumably also because of lack of oxygen. A more unifonn distri- 
ution of oxygen and wider distribution of the high-tern perature 
region is induced bj placing ventilating tiles at ground level. In all 
probability, conditions such as these influence the suitability of the 
finished compost for muShroom culture by establishing the trend of 
the microbial and insect population of the compost heap. 
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IRREGULARITIES IN THE INHERITANCE OF THE HAIRY- 
NECK CHARACTER TRANSPOSED FROM SECALE TO 
TRITICUM ‘ 

By J. W. Taylok 

Associate agronomist^ Division of Cereal Crops and, Diseases^ Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

A preliixiinary paper recorded the transfer of the “hairy neck” 
of rye (Secale) to wheat (TriUcum). This transfer of a definite char¬ 
acter is of interest inasmuch as within Secale there are certain 
economic characters, particularly winter hardiness, that are desired 
in the commop wheats. If it can be shown that one character may 
be successfiiHy transferred from one genus to the other there are good 
reasons to believe that other characters also may be transferred. 
This paper deals primarily with the genetic stability and with the 
behavior of these hairy-neck wheat forms in crosses with different 
varieties of wheat. 

REVIEW OF LITERATURE 

Ijcighly and Taylor^ and Florell® report the isolation of hairy-neck 
lines from wheat-rye hybrids. Bleier * gives a comprehensive review 
of the work of investigators who have studied phases of the wheat- 
rye problem. FlorelU has reviewed studies on the cytology of 
wheat-rye hybrids. 

MATERIALS AND METHODS 

Hairy-neck is characterized by the presence of pubescence or hairi¬ 
ness on the peduncle, or that portion of the culm just below the first 
node of the rachis (fig. 1). In rye plants and in hairy-neck wheatlike 
segregates from wheat-rye crosses hairiness varies from a few hairs 
around the apical node of the culm to a dense pubescence extending 
3 or more inches below the head. 

As reported by Leighty and Taylor,* typical wheatlike hairy-neck 
segregates were selected in 1923 at the Arlington Experiment Farm, 
near Washington, D.C., from descendants of natural wheat-rye 
hybrids found in 1918. Ten of these selections were grown originally, 
but later work was concentrated on three, designated as C, K, and H, 
which it is believed represent the characteristic behavior of this group 
of selections. 

The three selections are similar to Tritievm mlcfare ” in their princi¬ 
pal spike characters, with the exception of the neck (or peduncle), 
which is hairy, as shown in figure 2. The plants are not so tall and 

> Received for publication Nov. 18, 1933; issued June 1934 

« Leiohty, C. B., and Taylor, J, W. "hairy neck" wheat segregates from wheat-rye hybrids. 
Jour. Art. Research 28: 667-576, Ulus 1924. 

3 FLORELL, V. H. A CVTOLOGICAL STUDY OF WHEAT-RYE HYBRIDS AND BACK CROSSES. Jour. Agr 
Research 42: 341-862, Ulus. 1931. 

^Bleier, H. oenbtik und cytologie TEawEisE und ganz stkriler getreidebastarden. 
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® According to the rules of botanical nomenclature the name of this species is Triticum aestivum, but as 
T. vulgare is in general use among agronomists and cereal pathologists and geneticists, the writer gives 
preference to that form. 
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f 16011 ^ 1.—N«Qk8 (ttppCT portions of peduncle) of rye, wheat, and two halry-neck wbeatlike selections from 
wlMiat*rye hyhH<&. A, Abruzzes rye; J3, Selection C; C Selection H; 1), Fulcaster wheat. X 8, A, B, 
i|iK^ are hairy. 
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are less vigorous tlian those of wheat, as is usually the case with hairy- 
neck segregates of wheat-rye crosses. They are more subject to 
natural crossing than are commercial varieties of wheat, and selfing 
has been necessary to maintain them. They may be described as 
follows: 


. .Figure 2.— Heads of wheat and three halry-neck wheatlike selections from wheaWye hybrids. A, Selec- 
tion K; B, Selection H; C, Fuloaster wheat; J), Selection C. Natural size. 

Selection C.—Awnless, white glumes, red kernel, with hairs extending one 
half inch downward from the apical node. 

SELECTidN K.—Awned, white glumes, red kernel, with hairs extending one 
half inch downward from the apical node. % 

Selection H.—Awned, white glumes, red kernel, with hairs extending 4 incl^ 
or more downward from the apical node. Spike more lax than that of Selection |r 
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Observations regarding the stability of each of the three selections 
with respect to the hairy-neck character were made. Each of these 
selections was crossed with several varieties of soft red winter wheat 
grown at the Arlington Farm and the progeny were studied in such a 
way as to determine the nature of the segregation of the hairy-neck 
character in relation to other characters of tlie parents. The F 2 
populations were grown in spaced nursery rows and the F 3 popula¬ 
tions in r)-foot head rows. All hairy-neck plants of each F 2 population 
which produced sufficient seed for a test were continued in the F 3 
generation. Notes on neck character and height were taken in the 
field. Data on sterility were obtained from the two lower florets of 
each spikelet of the primary head. 

EXPERIMENTAL RESULTS 

CONSTANCY OF THE HAIRY-NECK SELECTIONS 

The constancy of the hairy-neck character was detern}incd by 
selfing hairy-neck plants of each of the selections and recording the 
number of aberrant types appearing in the following generation. The 
data for Selection C, which is regarded as typical of the hairy-neck 
segregates, and which has been seifed since 1925, are given in table 1 . 
It wdll be seen that Selection C does not stand the test of genetic 
purity expected of a true species. Of t3,S18 plants grown during the 
8 years, 262, or nearly 7 percent, were different from those of Selec¬ 
tion C with respect to the htdry neck. 

TabIjE 1.--Constancy of the hairy-neck character in progeny of Selection C seifed for 

8 generations 


Year 


1924 .. 

1925 . . 

I92fi . . .. . 

1927 . 1 ... 

1928 ..... 

1929 .. -. 

1930 . 

19.31. 

Total or average. 


Two aberrant types appeared, one, designated “variant smooth”, 
indistinguishable from wheat, and the other, designated “variant 
hairj'”, almost intemediate with respect to hairy neck between Selec¬ 
tion C and wheat. There were approsimately 1 percent of tbe former 
and 6 percent of the latter. Vanant smooth is easily distinguished 
from Election C because it is smooth-necked and taller. Variant 
hairy is from 4 to 6 inches taller than Selection C when grown under 
favorable conditions, but the difference in height may not be apparent 
imder unfavorable conditions. Partly for this reason it is not so 
readfly recognized. However, there is good reason to believe that 
jiae of the conclusions arrived at herein is invalidated by errors of 
caafljiication. 


Total 

plants 

Plants 
similar to 
Selection C 

Plants diflerlnR from 
Selection C 

Variant 

hairy 

Variant 

smooth 

Nvmbtr 

Peremt 

Percffit 

Perami 

39 

92 3 

7.7 

0 

075 

93 8 

5 9 


m 

94.7 

4.8 


* .388 

99 0 

I.O 


436 

9.3.5 

5.1 

J 

227 

97.8 

1.8 


42.3 

91.0 

5.9 

3. 

' 1.023 

89.2 

9.6 

! 

3.818 

93.1 

5.9 
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During the 8 years Selection C never behaved as a pure line. 
Variant hairy necks were found every year and variant smooth necks 
in 6 of the 8 years. The greatest irregularity occurred in 1931, when 
110 plants of a population of 1,023 plants, or 10.8 percent, were 
variants. The least variation occurred in 1927, when only 1 percent 
were variants. 

Additional data regarding the constancy of Selection C and the 
breeding behavior of the variants selected from it were obtained by 
growing in 1930 a selfed plant of Selection C and selling the progeny 
and growing them in 1931. The pertinent data are presented in 
table 2. 

The progeny of the single selfed plant in 1930 were classified as 50 
similar to Selection (\ 1 variant hairy, and 2 variant smooth. Only 
49 of the 50 plants of Selection C indicated in table 2 were grown in 
1931, 1 failing to produce sufficient seed. Each of the 49 plant rows 
supported the 1930 classifications, breeding typical Selection C with 
7.3 percent variants. Tlie 2 variant smooth-neck plants bred smooth, 
and the variant hairy-neck plant segregated in the ratio of 3 smooth 
to 1 hairy. 

Table 2. —Breeding behavior of the hairy-neck character in the progeny of a plant 
of Selection C during 2 generations of selfing, 1930 and 1931 


Progeny from selfeti plant, 1930 


Progeny from second generation of selfing, 1931 


Total 

plants 

Total 

lilants 

Type of plant 

Type 

Selection C 

Variant 

hairy 

Variant 

smooth 

ition C.. . 

!int hairy-- 

iut smooth. 

Nu mber 

60 

1 

2 

Nvmber 

m 

a 

20 

Percent 

92 7 

0 

.0 

Percent 

7 0 
25 0 
.0 

Percent 
\ 0 3 

1 76 0 

100 0 


The percentage of smooth-neck plants in this particular line of 
Selection C in 1930 and 1931 was somewhat less (0.7 percent), and 
the proportion of variant hairy plants slightly more (6.4 percent) 
than the average shown in table 1. 

During this study of the inconstancy of Selection C 30 variant 
hairy-neck plants were grown in head or plant rows. These produced 
1,388 plants of which 321, or 23.1 percent, were hairy-necked and 76.9 
percent smooth-necked, thus approximating the results, presented 
later, of crosses between Selection C and wheat. 

The average proportion of smooth-neck plants appearing in Selec¬ 
tion C, that is, about 1 percent, may be explained by assuming a 
simultaneous loss of the hairy-neck factor in 10 percent of the pollen 
cells and egg cells. The expected proportion of smooth-neck, variant 
hairy-neck (heterozygous), and Selection 0 types is then given by 
'he expansion of the binomial (1 + 9)*. The fact that the smooth- 
Wk plants bred true and the hairy-neck plants bred like F, hybrids 
is in accord with this hypothesis. However, the average proportion 
of variant hairy-neck plants, approximately 6 percent, is only about one 
third of tne number to be expected on this basis. It seems necessa^ to 
assume also differential fimctioning or vigor of the two types of garnet 
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or zygotes, or it is possible that the loss of the hairy-neck factor may 
occur in a somatic division in the development of the primordium for 
the flowers of a spike. 

INHERITANCE IN CROSSES OF HAIRY-NECK SELECTIONS X WHEAT 

Hybridizing the hairy-neck selections with common wheat may be 
expected to give further information as to the genetic irregularity of 
the hairy-neck character and its relation to the inheritance of certain 
common wheat characters. In 1923 and later, selections which from 
phenotypic indications were pure for the hairy-neck character of the 
C, K, and H selections, were crossed with common wheat varieties. 
The varieties chosen differed in such head characters as awnlessness 
and awnedness, red and white glume color, and smoothness and pubes¬ 
cence of glumes. The segregation of the common allelomorphs 
permitted observation as to the effect of an intergeneric character 
on their behavior. 

The Fi hybrids conformed in the more common spike characters to 
what would be expected in crosses of wheat varieties; that is, there 
was expressed the inconmlete dominance of awnlessness, red glume 
color, and pubescent chaff. The hairy-neck character was dominant, 
but the hairs did not extend downward so far as in the parental 
selection, and the density of the hairiness was decidedly reduced. 
The Fi heads appeared fully fertile and were selfed. 

The hairy-neck selections were crossed with one or more of the 
varieties of Triticum vulgare, namely. Brown Fife,’ Purplestraw, 
Fulcaster, Nittany, Poole, and Fultz. All except Fulcaster and 
Nittany are awnless, and all except Brown Fife and Poole have 

f labrous white glumes. Brown Fife has pubescent red glumes, and 
’oole has glabrous red glumes. 

Glume color developed poorly, and segregates from this character 
were not classified, although it was evident that hairy neck was present 
in both the red- and white-glume segregates of the F'j generation. 
The number of Fj plants secured in each case, the number of Fj plants 
that were grown, and the segregation of the latter with respect to 
presence of awns, pubescence of glunnes, and hairy necks are shown in 
table 3. 

The segregation with respect to awns and pubescence is what would 
be expected when varieties of Triticum vulgare possessing these charac¬ 
ters are crossed. In the six crosses involving awn segregation, th^ 
fully awned recessive constitutes 24.4 percent of the total number of 
plants that were grown. In the single cross (Selection C X Brown 
Fife) involving pubescent and glabrous glumes, 24.1 percent of the 
plants had glabrous flumes. On the other hand, the segregation 
with respect to the hairy-neck character was quite irregular. In the 
five crosses involving Selection C the percentage of hairy-neck plants 
ranged from 17.7 to 29.2 and averaged 25. In the four crosses involv¬ 
ing Selection K, the percentage of hairy-neck plants ranged from 
30.6 to 48.2, with an average of 36.2. There were two crosse^ 
involving Sdection H. In these the percentages of hairy-neck plants 
were 61 and 63.4, respectively, averting 62.9. 

? The na^ “Brown Fife” waa given In 1922 to a atreta of wheat formerly grown aa lonea Winter Fife. 
In himii 6t grovsth axt(i nucHTpiiological characUars It Is somewhat similar to Orandprlaie. 
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Table 3. —Segregation in the Ft generation from crosses of S hairy-neck selections 
with varieties of common wheat at the Arlington Experiment Farm, Rosslyn, Vd. 


Cross 

F, 


— 

F 2 plants of indicated 1 

Awnless 

class 

Awned 

plants 

plants 

Pubes(«nt 

Glabrous 

(glabrous) 




Hairy 

Smooth 

Hairy 

Smooth 

i 

Hairy 

Smooth 


Number 

Number 

Percent 

Percent 

Pircent 

Percent 

Percent 

Percent 

Seloetion C X Brown Fife .. _ 

1 

220 

12 3 

6:1.6 

6 6 

18 6 

0.0 

0 0 

Selection C X Purplestraw. 

2 

1,366 

,0 

.0 

26.4 

73 6 

.0 

.0 

Selection C X Fulcas^r.. 

Njttany X Selection C. 

1 

168 

.0 

.0 

22 6 

67 7 

6.0 

1 : 1.1 

12 

343 

.0 

.0 

15 2 

68 0 

6 8 

20.4 

Selection 0 X Poole ... 

1 

171 

.0 

.0 

26.9 

73 1 

.0 

.0 

Selection K X Purplestraw.. 

4 

486 

0 

0 

37 7 

39 6 

10 6 

12 3 

Selection K X Fultz. 

i:i 

281 

.0 

.0 

23.8 

60 2 

8 2 

17.8 

Fulcaster X Selection K. 

1 

191 

0 

.0 

.0 

! .0 

:i8.7 

61 3 

Poole X Selection K. 

8 

960 

0 

0 

21 9 

62 1 

8 7 

17 3 

Selection H X _ 

1 

100 

.0 

1 -0 

61 0 

27 0 

10.0 

12 0 

Selection 11 X Fulcaster. 

1 

9 

383 

0 

1 .0 

0 

.0 

63.4 

36 6 


In none of tlie crosses involving Selections K and 11 do the ratios 
conform to simple Mendelian iidieritance. The average results for 
Selection (1 agree exactly with expectations for a monohybrid, except 
that hairy nock behaves as the recessive, whereas in the Fj this charac¬ 
ter was dominant. The breeding behavior of the Fj of Selection 
(1 X wheat is similar to that of the hairy-neck variants. 

There is no indication of linkage of die hairj-neck character with 
either of the other characters studied except in the Selection 11 X 
Fultz (;ross, in which the proportion of hairy necks in a small popula¬ 
tion is approximately twice as great for the awnless segregates as for 
the awned. 

A number of the crosses were continued into the F 3 generation. 
Some of these were space-planted, but the greater number were 
grown in 5-foot head rows. In some cases all the plants from the F 2 
rows were grown, whereas in others only the hairy-neck plants were 
grown. The progeny of 3S8 smooth-neck Fa plants were grown and 
all bred smooth neck.' The data for the hairy-neck plants are presented 
in table 4. 

Of the 125 F 3 lines grown from hairy-neck Fa jilants of the two 
crosses of Selection C, only 3, or 2.4 percent, were homozygous. If 
the hairy-neck character wore a simple recessive, 33.3 percent should 
be homozygous. 

Of the 83 hairj'-neck Fa plants of the cross Selection K X Fultz 
grown in the F 3 , approximately 11 percent were homozygous hairy 
neck. However, of the 76 F 3 lines of the cross Selection K X Puiyle- 
straw 25 percent were homozygous. In the Fo of Selection K X 
Purplestraw approximately 50 percent of the plants were hairy neck 
as compared to 32 percent in the cross Selection K X Fultz. In the 
Termer cross the Fa homozygous hairy-neck plants appeared more 
than twice as often as in the latter cross. 
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Table 4. —Breeding behavior of hairy-neck plants froin crosses of hairy-neck 
* selections X wheat 



Fs lines 

Cross i 


Heterozy- 

Homozy- 


Number 

gous hairy 

gous hairy 



neck 

neck 



Percent 

Percent 

Selection C x Purplestraw. . 

Nittimy X Selection C. 

71 

«8.6 

1 4 

M 

m 3 

3 7 

Selection K X Fultz. 

8:1 

89.2 

10.8 

Selection K X Purplestraw. _ . 

76 

75.0 

25.0 

Selection H X Fultz.... . 

.54 

81.5 

18 .5 


The Fi of Selection K X Fultz was grown in 1925 and the Fj of Selec¬ 
tion K X Purplestrawin 1928. The difference in percentage of homo¬ 
zygosity of the two crosses is believed to be due to differences in the 
two seasons, inasmuch as 30 of the segregating F 3 lines of Selection 
K X Purplestraw, involving 545 plants, were space-planted and 25.5 
percent of the plants were hairy as compared to approximately 48.1 
percent in the F 2 generation. The higher percentage of hairy-neck 
plants in the F 2 generation of this cross as comptired to that of the 
other three crosses of Selection K X wheat, and the comparatively 
high percentage of F 3 homozygous hairy-neck lines, indicate conditions 
unusually favorable for either the formation or the functioning or 
both of the hairy-neck gametes of the Fi plants. 

Of the 54 F 3 lines of Selection H X Fultz, 18.5 percent wore homo¬ 
zygous hairy-neck. Selection H crosses produced approximately i\l 
percent of hairy-neck plants in the F 2 ; that is, the hairy-neck character 
behaved as dominant. However, the Fs test clearly shows a lethal 
factor operating to elifriinate the homozygous hairy-neck type. 

EFFECT OF HAIRY NECK ON PLANT CHARACTERS 

The supposition of a lethal effect of the hairy-neck factor suggested 
the desirability of a study of sterility, seed germination, height of 
plant, and tillering of the crosses,^ especially with respect to the 
smooth-neck and hairy-neck segregates. 

Sterility 

The percentages of sterile florets of the hairy-neck selections and 
of the Fi hybrids between these and certain varieties of wheat are- 
shown in table 5. 


Table 5. —Floret sterility of hairy-neck selections and of F\ hybrids of hairy-neck 

selections X wheat 


Selection or Fi hybrid 

Florets 

Seeds | 

Sterile 

florets 

Sel^tion C.. .. , . _ . 

Nittany X Selection C\. . . 

Selection C x Purplestraw. 

Selection K. . 

Srietytlon K X Pultz,..... 

SeleMonli... 

BeleunonH X Fultz,... 

Number 

1,100 

369 

1,366 

282 

536 

204 

106 

Number 

789 

321 

1,249 

159 

487 

100 

102 

PercenlC 

33.7 

13.0 

7.9 

43.6 
9.1 

21.6 
3.8 
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^ In Selection C, 33.7 percent of the florets were sterile, and in the 
hybrid of Selection C X wheat and its reciprocal, approximately lO 
percent of the florets were sterile. This is about the average stenlity 
for wheat. The average sterility of Selection K was 43.6 percent 
and of Selection H, 21.6 percent. The Fi hybrids with wheat in each 
case were as fertile as would be expected for wheat, the sterility of 
Selection H X wheat being only 3.8 percent. Selection H has the 
highest fertility of the three selections and the same relation exists 
between the F, hybrids with wheat. It is pertinent in this connection 
to note that in the F^ generation 61 percent of the plants of this cross 
had hairy necks as compared with 25 and 36 percent in Selections C 
and K, respectively (table 3). In Selection H, hairiness extends 
4 inches down the peduncle as compared to approximately one half 
inch in the other two selections; that is, the degree of hairiness in these 
selections was not positively correlated with reduction of fertility as 
might be expected. 

8kbb Germination 

Seed of the Fi plants of wheat x Selection C was planted and allowed 
to mature. Approximately 85 percent of the planted seeds matured 
plants. A similar study was made of Selection K X wheat from F 2 



seed, as no Fi seed was available. Conditions for germination were 
}{oor, and only 49 percent of the seed of segregating hairy-ueck lines 
and a like percentage of homozygous hairy-neck lines matured plants. 
A similar planting of smooth-neck seed from the same cross matured 
only 48 percent of plants. In neither case is there any evidence of 
differential zygotic lethals. 
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* Height of Plant 

The height of a large number of plants in the F 2 and F 3 generations 
was meMured, and the data are presented in table 6 . In each of the 
17 possible comparisons of the hmry-neck with the smooth-neck 
classes the hairy-neck plants were significantly shorter, in most cases 
materially so. The average height of the smooth-neck plants was 
46.9 inches as compared to 41.4 inches for the hairy-neck plants. 
Furthermore, the homozygous hairy-neck F 3 lines were approximately 
from 2 to 5 inches shorter than those segregating for hairy neck. The 
comparative height differences in the classes obtained from the cross 
of Selection K X Fultz are shown graphically in figure 3. No signifi¬ 
cant differences were found between the height of the plants as a 
result of the presence or absence of awns. 

The commonly cultivated rye varieties have hairy necks. A few 
strains of smooth-neck rye have been bred, the height of which is no 
greater than tliat of their hairy-neck relatives. It is probable, there¬ 
fore, that the hairy-neck character in the presence of the rye-chromo¬ 
some set does not adversely affect the height of the plant. The aver¬ 
age height of the rye varieties grown at the Arlington Experiment 
Farm varies from 62 to 65 inches as compared with 46 and 54 inches 
in the wheat varieties. 


Table 6. —Average height of hairy-neck and smooth-neck plants in heterozygous and 
homozygous hairy-neck lines from hybrids of hairy-neck selections X wheat 


Average height of plants of indktated class 


Class and hybrid 


HETEROZYGOUS 

Selection K X Fultz... 

Do. 

Selection C X Purplestraw. 

Selection II X Fultz,.| 

Do. 


HOMOZYGOUS LINKS 

Awnless hairy (Selection C X Purple- 

straw). 

Awnedhairy (Selection K X Fultz) 
Awnloss hairy (Selection K X Fultz). , 
Awned hairy (Selection H X Fultz),... 
Awnless hairy (Selection H X Fultz).- 


(}ener- 

atioii 


F2 

Fj 

F8 


Fi 

Fs 

Fs 

Fs 


Plants 


AwiileSH 

smooth 

Awnless 

hairy 

Awned 

smooth 

Awned 

hairy 

Number 

281 

1,466 

3,172 

90 

443 

Inches 
47.5±0.42 
44.8± .36 
44.1db .39 
47. /)± . 65 
49. l± . 14 

r 

Inches 
40.7±0.39 
40.0± .38 
39.6± .46 
42.8d: .66 
45.2± .16 

36. Id: .44 

Inches 

47.7db0.40 
43 9d: .47 

Inches 

38.7±0.85 
38.1± .67 

47.6d: .69 
49 8d= . 11 

40.9±1.83 
46.9dr ,16 




33.4d: .80 



36.4± .97 





44.8± .80* 



43 2d: .72 







Tillerino 

Data on tillering were obtained for individual plants in the F, 
generation of the two crosses Selection K X Fultz and Selection 
‘ H X Fultz. The foriner was grown on more productive land than the 
latter. In all cases the smooth-neck plants tillered more than did the 
hairy-neck plants (table 7). The differences between awned and 
awnless plants were not statistically si^^iificant. 
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Table 7.- Average number of tillers per plant in F2 classes of hairy-neck selections X 

wheat crosses 



Average tillers per plant in indicated Fs class 

Cross 


Awnless 


Awned 


Hairy 

Smooth 

Dillerence 

1 Hairy 

Smooth 

i Differ¬ 
ence 

Selection K X Fultz. 

Selection U X Fultz. 

NamheT 

6 7±i) 39 

3 7± . 12 

Nu rnber 

8 5=fc0.46 

5 3± .30 

Number 

1 8d=0 60 

1 6.-h . 32 

Number 

6 6±0 58 
3.4± .37 

Number 

9 5=b0 46 

4 b± .49 

Number 

2 9±0. 74 
iA± .61 


BACK-CROSSING Fi HYBRIDS Vi BEAT 

Since no evidence of zygotic elimination was obtained it seemed 
desirable to resort to back-crossing to test for comparative functioning 
of male and female gametes carrying the smooth-neck and hairy-neck 
factors. This was done by reciprocally crossing the Fi hybrids with 
wheat, only the P '1 hybrids of Selection C and Selection K being used. 
The resulting progeny were then classified with respect to the hairy- 
neck character. Errors due to self-pollinated plants were eliminated 
by the selection of a wheat variety in which selfing could be detected. 
The data are presented in table 8. 

The female gametes of Selection K X P'ultz, fertilized by wheat 
pollen, produced plants of which 10.9 percent had hairy necks, whereas 
the male gametes of the same hybrid, fertilizing wheat egg cells, pro¬ 
duced but 9.0 percent of hairy-neck plants. Similarly, the femah* 
gametes of the Fi of Selection C X wheat (Purplestraw and Nittany), 
fertilized by wheat pollen, produced 13.2 percent of hairy-neck plants, 
whereas the male gametes of the same hybrid, fertilizing wheat egg 
(*ells, produced 8.9 percent of hairy-neck plants. In all back crosses 
except one a larger jiercentage of hairy-neck plants was produced 
when the P'l hybrid was used as the female parent. However, neither 
the functional male nor female gametes carried the hairy-neck char¬ 
acter in tlie expected frequency, since in back-crossing experiments 
such as these the hairy-neck and smooth-neck gametes should occur 
in equal numbers. 


Table 8 . — Hairy-neck and smooth-neck plants resulting from reciprocal hack- 
crossmg of the Fi hybrid of hairy-neck selections X wheat with wheat 




Fi hybrid as the female 
produced- 

Fi h>))nd a.s the male 
produced— 

Fi hybrid 

Year 

Smooth- 

neck 

plants 

Hairy-neck 

plants 

Smooth- 

neck 

plants 

Hairy-neck 

plants 

Selection K X Fultz.*_ 

1925 

Number 

Number 

6 

Percent 

20.7 

Number 

17 

Number 

3 

Percent 
15 C 

Do.. 

1926 

46 

8 

14 8 

54 

4 

6 il 

Total or percent----... .. 


69 

14 

16.9 

71 


9 0 






lelection 0 X Purplestraw. 

1926 

34 

6 

15.0 

46 

3 

6.1 

Jittftny X Selection 0—_- _ 

1929 

18 

5 

21,7 

6 

0 

0 

lelection C X Furpl®8traw..-. 

1930 

93 

n 

10.6 

92 

11 

10 7 


Total or percent... 


145 

22 

13.2 i 

1 

144 

14 

' 8.9 
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Theoretically, there should be agreement among the Fa segregation, 
the Fa family behavior (that is, whether homozygous or heterozygous 
for the neck character), and the results from the back crosses. The 
latter indicated that approximately 16.9 percent of the functional 
eggs and 9.0 percent of the male cells of Selection K X Fidtz (table 8 ) 
carry the hairy-neck factor. Assuming the same gametic frequency 
(1 + 5) (1 + 10) and the same functioning in the selfed F, hairy 
neck X wheat hybrids, the Fj postulation should contain 24.2 percent 
of hahy-neck plant^ and approximately 6.3 percent of these should 
be homozygous in F 3 . Actually, 32 percent of the F 2 plants were 
hairy (table 3), and 10.8 percent of the F 3 lines were homozygous 
(table 4). 

In Selection C X wheat slightly more than 13 percent of the egg 
cells and about 9 percent of the male cells carried the hairy-neck 
character. On this basis the F 2 population from the selfed F, hybrids 
should be approximately 21.0 percent hairy neck, and 5.7 percent of 
these should be homozygous. The percentage of the hairy-neck 
plants actually observed in the F 2 generation of the same crosses 
(Purplestraw and Nittany) was 25.3 (table 3), and 2.4 percent of 
these bred true (table 4). 

The agreement between the data of the different experiments is 
perhaps as close as should be expected, considering the small popula¬ 
tions obtained from the back crosses and the apparent irregularity in 
genetic expression due to environment. 


DIFFERENTIAL FUNCTIONING OF POLLEN CELLS 

The low percentage of functional gametes carrying the hairy-neck 
factor, as shown in the reciprocal back crosses of the F, hybrids of 
hairy-neck selections X wheat with wheat, would indicate elimina¬ 
tion of the hairy-neck* character at ineiosis or at fertilization. The 
high percentage of fertUity in the Fi hybrids of haiiy-ueck selections 
X wheat favors the assumption that functional female gametes carry¬ 
ing the hairy-neck factor are not formed in the expected frequency. 
The apparent differential functioning of the male gamete of the F| 
hybrids carrying the hairy-neck and ||mooth-neck characters (table 8 ) 
may, however, be due to a growth differential between the two types 
rather than to nonformation of pollen cells carrying the hairy-neck 
factor. Experiments were therefore made with mixtures of pollen 
of Selection C and pollen of three varieties of common wheat, namely, 
Nittany, Dixie, and Red Rock. Heads of the wheat or of Selection 
C were emasculated and at the proper time were pollinated with a 
pollen mixture or first with pollen of Selection C and then with pollen 
of the wheat variety; in the latter case the interval between the two 
pollinations averaged about 2 minutes. The pollen mixture was 
composed of the conjbents of the same number of anthers of Selection 
C and of the wheat variety. The anthers of Selection C are larger 
than those of the wheat varieties used. 

When wheat was the female, the progenies were grown and classified 
as smooth neck or hairy neck, the results showing which pollen gram 
functioned. When Selection C was the female, glume color or awn 
contrast of the following progenies showed when the wheat pollen 

f ram functioned, except in Dixie, when the plants were carried to the 
’2 gei^ation to identify them. Results of the pollinations are shown 
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Table 9. —Comparaiive functioning of pollen of hairy-neck selection C and wheat 
vaneties in pollen-mixture and double-pollination experiments 


Female parent 

Year 

Pollen source 

Nitlany . . .. 

Dixie - .. 

} 1928 

/Mixture Nittany and Selection C’ 
iMixture Dixie and Selection C.. .. 

Rod Rock -. 

Nittanv. 

1929 
} 1928 

Mixture Red Rock and Selet^tion C.. 
/Selection C and Nittanv_ __ 

Dixie/.. 

\Seiection C and Ilixie..-.. . 

Hed Rock. . 

1929 

Selection r and Red Rock... _ 

Total .. . / 

Selection C 

] 

(Mixture Dixie and Selection C.. 
Selection C and Nittany — 

Do. -- . 

1 1928 

i)o 

if 

(Selection C and Dixie ... . . 

Do.. 

! 1929 

' Selection C and Red Rock . . 

'Potal . . , 

. ... 

. 


I Plants of indicated type 
resulting from poUi* 
nation 


Wheat 


Hybrid 



Percent 



One hundred and fifteen plants resulted from pollinating the com¬ 
mon wheat varieties with pollen from the two sources. Only 12, or 
10.4 percent, were hairy-neck hybrids, the remainder being seifs. 
\^^len the wheats were pollinated with the mixture the percentage of 
hybrids was 7.3, and when pollinated first with pollen of Selection C 
and then selfed the percentage of hairy-neck hybrids increased to 
12 .2, possibly indicating an effect due to rate of pollen germination 
or of pollen-tube growth. 

Fifty-six plants were secured in the experiments in which Selection 
(’ was the female. Fifty-one, or 91 percent, proved to be hybrids and 
only 5, or 9 percent, were seifs. Approximately the same number of 
flowers of wheat and of Selection C were pollinated in these experi¬ 
ments, and the fewer seeds and plants obt ained indicates again the ste¬ 
rility of Selection C as compared with that of wheat. These residts 
suggest that the pollen cells of Selection (’ which cany the hairy-neck 
factor are less viable or that the pollen tube grows more slowly than 
that of nonnal wheat. Poor functioning of pollen cells carrying the 
hairy-neck factor appears at least as probable as nonformation at meio- 
sis in the F| hybrid. This is further supported by the agreement be¬ 
tween the results from back-crossing the of Selection C X w’heat 
with wheat (table 8) and the results from pollinating wheat and Se¬ 
lection C with the pollen mixture. Wheat fertilized with pollen from 
the F, hybrid (Selection C X wheat) produced 8.9 percent of hairy- 
neck plants, whereas wheat fertilized with a mixture of pollen from 
Selection C and wheat produced 10.4 percent of hairy-neck plants; 
and Selection C fertilized by a mixture of pollen from Selection C and 
wheat produced 8.9 percent of selfed hairy-neck plants (table 9). 

DISCUSSION 

The genetic behavior of the hairy-neck wheatlike selections isolated 
from wneat-rye hybrids shows that the addition of the rye character 
results in an unbalanced type. Hairy-neck is a tangible ^e character 
transposed to types that are apparently otherwise Tritieum wlgare. 
A prwiminary cytologicallexamination of one of the hairy-neck pldnts 
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made by Florell ® showed 44 chromosomes in the root tips as compared 
to 42 for T, mlgare. Inasmuch as the hairy-neck plants are not 
constant, their chromosomal constitution seems to be better repre¬ 
sented by the quantitative expression 2n~h2 rather than 2 n, indi¬ 
cating in this case no homologue in the wheat complement for the rye 
chromosome. Blakoslee ® uses the formula +2 for one of his 
Globe mutants in Datura where the unbalance was of a simple tet- 
rasomic type. 

To explain the genetic behavior of the hairy-neck character it may 
be assumed that the 2 n-f 2 hairy-neck plants normally produce 
n-\-\ gametes but that occasionally in male and female gametogene- 
sis the rye chromosome is lost, giving a gamete of n constitution. 
The fertilization of n^~\Xn gametes results in a zygote similar in 
later behavior to the cross hairy-neck selection X wheat, whereas the 
mating of n X n gives a zygote which produces a plant indistinguish¬ 
able from Triticurn mlgare. 

The chromosome number of the Fi hybrid hairy-neck selection X 
Tritieum vulgare^ and also of the variant hairy type, would be 2n h 1 
and the plants would be of the hairy-neck type as the character is 
dominant over the smooth neck. In gametogenesis and fertilization, 
irregularities in the functioning of n-\-l and n gametes apparently 
occur, as the F 2 segregation often shows the hairy character as reces¬ 
sive, and results from the back crosses indicate that from 13 to 17 
percent of the functional egg cells and approximately 0 percent of the 
functional pollen grains carry the hairy character. Furthermore, Fg 
lines homozygous for hairy neck do not appear in the expected fre¬ 
quency even for a recessive character. Reduced height and tillering 
and varying degrees of sterility in the plants with hairy neck as com¬ 
pared to those with smooth neck, in addition to the genetic irregular¬ 
ities, support the belief that there is incompatibility between the 
wheat and rye complexes and that the reaction is unfavorable both 
to the normal productiveness of the plant and to its constancy in 
breeding. Whether the addition or substitution of other rye chromo¬ 
somes in the wheat complement would react similarly is questionable. 
Wheat-rye hybrids carrying all the tjhromcsomes in both wheat and 
rye, 2/i^56, have been produced,'® but the economic value of such 
plants has not seemed particularly promising in the United States. 
Wheat breeders in general are interested in obtaining a definitely 
T. vvlgare type with certain desired rye characters rather than a type 
intermediate between the two genera. 


SUMMARY AND CONCLUSIONS 


Complete genetic balance has not been obtained in three hairy- 
neck selections of wheat X rye crosses designated as Selection C, 
^ Selection K, and Selection H. In ^ite of continuous selfing, approxi¬ 
mately 1 percent of the plants of Selection C had smooth necks and 
bred true and about 6 percent had hairy necks and bred in the same 
manner as the Fi hybrids. 

The ob^rved proportion of smooth-neck plants may be explained 
by assuming a simultaneous loss of the hairy-neck factor in 10 per- 


»tetter Mdresaed to J. W. Teylor by V. H, Florell, Feb. 28,1931. 

A. f. VA)»U«ON8 IN DATUBA DUK UO CHBOKOSOMI NVMBBB. Amer. Nat. 56; 16-31, 

. imSsdtXf O. A., and Bnnbtzkau, O. K. cytoi.ooical ikysenoATioNs or conbtant intermbdiatb 
omwoe. j?»fWMWART COMMUNICATION^ U.S.S.R. Qeoet., Plant and Animal 

rproo. 9: 345-852, illos. 1930. [In Bussian. Bngliib Summary, pp. 850-352.] 
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cent of the pollen colls and egg cells, but the observed proportion of 
hybrid hairy-neck plants has been only about one third of the number 
to be expected on the b^sis of this explanation. It seems necessary 
to assume also differential functioning or vigor of the two types of 
gametes or of the zygotes, or possibly loss of the hairy-neck character 
in somatic mitosis. 

In crosses between the three selections and several varieties of 
wheat the hairy-neck character appeared to bo dominant, but in later 
generations it behaved as a recessive or in an irregular manner. 

There appeared to be no linkage of the hairy-neck character with 
glume color, with condition of glumes in regard to pubescence, or with 
condition of heads in regard to awns. 

In studies of sterility it was found that Selection C, Selection H, 
and Selection K were materially less fertile than wheat, but that the Fi 
hybrids were approximately as fertile as wheat. There was no observ¬ 
able inverse relation between degree of hairiness and sterility, as 
might be expected; Selection H, which had more hair on the necks 
than the others, was the most fertile. 

In a comparison of the germination of segregating hairy-neck lines, 
homozygous hairy-neck lines, and homozygous smooth-neck lines, 
no differences were observed. 

In study of the height of plants and of vigor as measured by tiller¬ 
ing, it was found that in crosses between the three selections and 
wheat the smooth-neck segregates were invariably taller than the 
hairy-neck segregates from the same cross. It was also found that 
heterozygous hairy-neck segregates were taller than homozygous 
hairy-neck segregates. In all cases smooth-neck plants from these 
crosses tillered more than comparable hairy-neck plants. 

The Fj hybrids were reciprocally back-crossed with wheat. In all 
crosses but one, a larger percentage of hairy-neck plants was pro¬ 
duced when the F, liybrid was used as a female parent. In the one 
exception there was practically no difference. There was good agree¬ 
ment among the data sec\ired by back-crossing, the Fa segregation, 
and the breeding behavior of the Fj lines. 

A study of differential functioning of pollen grains was made 
by using mixtures of ])ollen of Selection C and one of three varieties 
of wheat. The florets were emasculated and either pollinated with a 
mixtTire of pollen or pollinated first with pollen from Selection C and 
about 2 minutes later with pollen from wiieat. The results indicated 
that the pollen cells of Selection C are less \uable or that the pollen 
tube grows more slowly than in wheat. There was apparently no 
discrimination on the part of the egg toward either type of gamete. 

Since the hairy-neck plants are irregular in their breeding behavior, 
it seems logical to represent their chromosomal constitution by the 
expression 2n4-2 rather than by 2n, indicating no homologue in 
wheat for the rye chromosome (tarrying the hairy-neck factor. It 
may then be assumed that the hairy-neck plants produce n +1 gametes 
and that occasionally the rye chromosome is lost, giving a gamete of n 
consitution. The union of n + l and n gametes results in a zygote 
similar to that produced by a cross of a hairy-neck selection X wheat, 
and the union of n gametes produces a plant which cannot be dis¬ 
tinguished from wheat. 




THE COMPARATIVE EFFECTIVENESS, IN THE DAIRY 
RATION, OF SUPPLEMENTS OF PHOSPHORUS IN THE 
FORM OP ORTHOPHOSPHORIC ACID, MONOSODIUM, 
DISODIUM, TRISODIUM PHOSPHATES, AND BONE 
MEAL' 

By William A. Turner, asaociate chemist; Edward B. Meigs, senior physiologist; 
Edward A. Kane, assistant chemist; Leo A. Shinn, junior chemist, Division oj 
Dairy Research Laboratories, Bureau of Dairy Industry; and Walter S. Hale, 
assistant chemist, Food Research Division, Bureau of Chemistry and Soils, 
United Stales Department of Agriculture 

INTRODUCTION 

Studies of calcium and phosphorus metabolism carried on for a 
number of years at the United States Dairy Experiment Station at 
Beltsville, Md., have shown that a proper adjustment of the mineral 
’ content of tlie ration is of vital importance to health, milk production, 
and reproduction in the dairy cow. 

The work of Shohl (5)'^ with rats a few years ago suggested the 
possibility that the assimilation of calcium and phosphorus might be 
ajffected by a change in the acid-base ratio of the ration. Shohl 
found the greatest retention of calcium and pliosphorus in rats on a 
neutral diet. The neutral diet was obtained by adding orthophos- 
phoric acid to an alkaline ration. The alkaline ration alone produced 
the symptoms of tetany and the acid ration (made by adding phos¬ 
phoric and hydrochloric acid to the alkaline ration) produced the 
symptoms of rickets. 

One of the writers ((!) has shown that for favorable assimilation of 
calcium and phosjihorus by dairy cows the calcium-phosphorus ratio 
should not be too wide. Dairj^ rations of alfalfa hay and grain 
often have a rather large proportion of calcium as compared with 
phosphorus. 

The experiments here reported were undertaken (1) to study the 
effect of variations in the alkalinity of the ration on the calcium and 
phosphorus metabolism in cows, and (2) to determine the form in 
wliich sui^plements of phosphorus could best be supplied. In the 
first experiment the ration was supplemented with soluble phosphates; 
in the second experiment bone meal was used. An attempt was 
made to eliminate the effect of any organic food constituents by 
feeding a uniformly good quality of hay and grain tliroughout. 

FIRST EXPERIMENT: ORTHOPHOSPHORIC ACID, MONOSODIUM, 
DISODIUM, AND TRISODIUM PHOSPHATES AS SUPPLEMENTS 
OP PHOSPHORUS 

In the first experiment a basal ration somewhat low in phosphorus 
was used and phosphorus supplements were added in the form of 
orthopho^horic acid, monosoaium, disodium, and trisodium phos¬ 
phates. These were added in such amounts as to maintain a calcium- 

1 Keoeived for publication Nov. 23,1033; issued June, 1934. 

I Befffl^nce is made by number (italic) to Literatiue Cited, p. 630. 
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phosphorus ratip in the feed below 1.50, preferably about 1.25. 
tinder such conditions it was hoped that some superiority of one form 
of supplement over another would be apparent. 

Calculated, according to Shohl, on the basis of inoi^anic acids and 
bases in the ration, 100 grams of tliis basal ration was equivalent to 
63.3 cubic centimeters normal alkali. The amount of phosphoric 
acid added was in no case sufficient to neutralize the alkalinity. 
This method of calculating the reaction of the ration, however, 
disregards carbonates and organic acids. It may be said to give a 
rough idea of the titratable alkalinity of the ration, but it gives no 
idea of what the hydrogen-ion concentration wouW be in the kind of 
watery extract that is formed when such a ration is introduced into 
the alimentarj^ tract. The amounts of orthophosphoric acid and of 
trisodium phosphate used in this experiment may weU have been 
sufficient to produce definite changes m the hydrogen-ion concentra¬ 
tion of the aumentary contents in the early stages of digestion. 

The provision for additional phosphorus, at least in the form of the 
more neutral supplements, has proved valuable and the results have 
led to certain conclusions which will be discussed later. 

EXPERIMENTAL PROCEDURE 

For this experiment three Holstein cows were used. Cow 265 was 
a purebred, and cows A-37 and A-40 were grades. Cows A-37 and 
A-^0 were about 4 years old, and cow 265 was 9 vears old. All tliree 
cows were prepiant and in the fourth month of lactation when the 
experiment was started, but cows A--37 and 265 aborted early in the 
experiment after about 2 montlis of pregnancy. They were bred 
again and, at the end of the experiment, cow A-37 had completed 
5 months of pregnancy; cow A-40,7 months; and cow 265, 1.5 months. 

The experiment began September 20 and ended March 13, a period 
of 25 weeks. During the first 4 weeks a basal ration was fed, con¬ 
sisting of U.S. No. 1 grade alfalfa hay and a grain mixture (whole 
yellow com meal, 40 parts; wheat bran, 30 parts; soybean meal, 20 
parts; linseed meal, 10 parts; and sodium cliloride, 1 part). The 
cows were given as much feed as th^ would “clean up” and an effort 
was made to maintain about equal consumption of grain and hay. 

Because of the hot weather at this time (early fall) it was difficult 
to induce the animals to consume sufficient feed to meet their energy 
requirements, particularly in the case of cow 265. Tliis cow was 
offered a little timothy hay. She seemed to relish it, and since it 
had been observed in other experiments at tliis station (2) that 
animals at times indicated a preference for timothy hay after pro¬ 
longed periods of alfalfa-hay feeding, it was decided to give all the 
cows a feeding period on mixed timothy and alfalfa hay. Accord¬ 
ingly, for the next,4 weeks, half of the alfalfa hay of the basal ration 
was replaced by U.S. No. 1 grade timothy hay. During the following 
2 weeks the basal ration was again fed. * 

During the last 15 weeks of the experiment different phosphorus 
supplements (equivalent to about 25 to 27 grams of phosphorus daily) 
were added to the basal ration for periods of 3 weeks each, to learn 
the effect of varying the alkalinity of the ration. 

Begiiln^ with the ninth week, the cows were exorcised, 10 minutes 
daOy until the end of the experiment. At about that time their 
ap^i^i^ites began to improve and subsequently their rate of food con- 
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sumption became steadier. This may be attributed to a combination 
of factors—exercise, cooler weather, and possibly the feeding of 
phosphorus supplements. 

The weights of the cows at the beginning and end of the experiment 
were, respectively; Oow A-37, 561 and 651 kilograms; cow A-40, 504 
and 577 kilograms; cow 265, 634 and 604 kilograms. The loss of 
weight by cow 265 was due to the fact that she would not eat suffi¬ 
cient feed to meet her energy requirements. 

Hay and grain were fed twice a day and the cows were milked 
tlireo times a da.y. Detailed analyses of the feeds are omitted. The 
alfalfa hay contained approximately 1.5 percent calcium, 0.2 percent 
phosphorus, and 2.4 percent nitrogen. The timothy hay contained 
about 0.35 percent calcium, 0.12 percent phosphorus, and 0.82 percent 
nitrogen. The average grain mixture contained about 0.13 percent 
calcium, 0.7 percent phosphorus, and 3.4 percent nitrogen. The 
phosphorus content of the gram was increased by the addition of 
phosphorus supplements, and was then between 0.9 and 1 percent. 

t^hemically pure materials were used as supplements and were 
mixed with tlie grain. Three parts of sirupy orthophosphoric acid 
were diluted with 2 parts of water and dropped on the grain as fed 
each day. During the last 3 weeks of the experiment the phosphoric 
acid was thorouglily kneaded into the grain mixture to insure actual 
conaumj)tion of the acid. 

EXPERIMENTAL RESULTS 

Table 1 shows the average weekly feed consumption, milk yield, 
percentage of calcium and phosphorus in the milk, and the calcium 
and phosphorus balances for each cow during the different feeding 
periods. The figures for assimUated calcium and phosphorus were 
calculated as described in a previous publication (S). 

Both calcium and phosphorus values indicate that the different feeds 
affected the composition of the milk, probably through changes in 
the composition of the blood. The phosphorus content of the milk 
show's a fairly definite tendency to be a little higher during the periods 
in which the phosphate supplements were fed than at other times. 
The calcium in the milk is noticeably higher wdien the cows were on 
the basal ration than when grain, alfalfa, and timothy were fed, and 
also shows a tendency to be higher on the orthophosphoric acid 
supplement than on trisodium phosphate. In the case of cow A-40 
this latter tendency is partly masked by the general tendency for the 
milk calcium to increase during: the latter part of lactation, due 
perhaps to the decreasing milk yield. 

The graphs in figure 1 show the fluctuation in the calcium and 
phosphorus content of the body which occurred during the course of 
the experiment. The calcium and phosphorus graphs are drawn on 
different scales, in the ratio of calcium to phosphorus in bone. A 
variation of 100 grams of calcium corresponds to a variation of 46 
grams of phosphorus. If the calcium and phosphorus balances 
signify a building up or breaking down of bone material only in the 
body, then the graphs should follow an identical course. The fact 
that considerable divergence is shown between the calcium and phos¬ 
phorus graphs indicates some difference in the storage possibilities of 
these two elements in the body, or in the intestinal tract. * 
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While this experiment was undertaken for the purpose of investi¬ 
gating the effect of variations in the alkalinity oi the ration on tlie 
calcium and phosphorus metabolism of cows, yet, as the experiment 
progressed, other factors were in¬ 
dicated as of equal, or possibly 
greater, importance than the reac¬ 
tion of the ration, namely, the 
quantity and proportion of cal¬ 
cium and phosphorus in the ration. 

A basal ration of alfalfa hay 
and grain probably does not con¬ 
tain the optimum proportion of 
phosphorus to calcium for high 
milk production, even though 
the grain (containing 30 percent 
wheat bran) has a fainy high phos- 
phorus content. This is indi¬ 
cated by the fact that all the cows 
showed excessive losses of phos¬ 
phorus from the body while on 
this ration during the first period. 

Insufficient phosphorus intake 
and rather generous milk flow are 
probably the factors causing the 
negative balances at this tizne. 

The calcium-phosphorus ratio in 
this period ranged from 1.5 to 1.8. 

In the second peiiod the intake 
of calcium was greatly reduced by 
the substitution of timothy hay 
for half of the alfalfa in the basal 
ration; while, in the third period, 
the calcium intake was increased 
by a return to the basal ration. 

The calcium and phosphorus bal¬ 
ances became more negative in 
the second period, and less neg¬ 
ative in the third period, but it is 
doubtful whether these changes 
in the balances have any physio¬ 
logical significance. The matter 
can be more profitably discussed 
in connection with some of the 
results of the second experiment, 
which will be given later. 

With the introduction of the 
phosphorus supplements during 
the remainder of the experiment 
the phosphorus intake was mate¬ 
rially increased. This increased 
phosphorus intake did not appear to be very effective in pi’eventing 
mmeral losses, however, when supplied in the form of orthophos- 
phonc acid, as in the fourth and eighth periods. The quantities of 
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Figure l —Fluctuation in the content of (jalclum and 
phosphorus in the bodies of the cows durinp the 
course of the first experiment The solid line repre¬ 
sents calcium; the dotted line, phosphorus. The 
divisions on the ordinate correspond to 100 grams of 
ciucium or 46 grams of phosphorus, the ratio in 
which the elements are present in bone. 
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phosphorus in thp ration and the calcium-phosphorus ratio assumed 
more appropriate values (average 1.19). In spite of this the animals 
continued to lose calcium and phosphorus in the fourth period. In 
the eighth period, when the same supplement was fed, the phosphorus 
losses were considerable in the case of cows A-37 and 265. Hart {!) 
recently observed, after administerii^ hydrochloric acid to cows, that 
there was a divergence of the calcium excretion from the feces to the 
urine but no improvement in calcium balances. 

During the fifth and sixth periods, monosodium and disodium phos¬ 
phates were used as supplements and the effect was marked. Not 
only were calcium and phosphorus losses checked in the case of all 
animals but a distinct recovery of mineral stores was initiated wliich 
extended even into the seventh period. This occurred without any 
great reduction in milk yield and while the calcium-phosphorus ratio 
was being maintained at the above-mentioned appropriate value. 

The effect of trisodium phosphate as a supplement was somewhat 
irregular. Possibly the alkalinity of this material was unfavorable 
for mineral absorption. 

These results would seem to indicate that by merely supplying a 
suitable neutral phosphorus supplement in sufficient quantity and in 
proper ratio to the calcium present in the ration (that calcium being 
already present in an available form and in generous amount), a 
phosphorus-deficient ration can be made adequate and equilibrium 
or positive balances can be obtained. It seems reasonable to assume, 
since the mature liigh-producing cow’s chief need for calcium and 
phosphorus is to secrete them in the milk, that the ration which she 
receives should contain calcium and phosphorus in approximately the 
same proportion that they occur in milk, namely, about 1.1:1. If 
calcium and phosphorus are supplied in assimilable form and in suffi¬ 
cient quantity and in the proportion present in milk (the ration being 
satisfactory in other known respects), then, the writers believe, much 
will have been done to improve the mineral nutrition of the cow. 

Phosphorus, in the form of disodium phosphate, was fed to dry 
cows at this station several years ago (Ji). Very definite increa.ses in 
n^k yield during the subsequent lactations were noted. At that 
time, however, only a few short-time balances were followed where 
the cows were receiving a mineral phosphorus supplement. 

Since the supplements monosodmm and disodium phosphate have 
brought about so marked a retention of calcium and phosphorus in, 
animals that have suffered considerable mineral losses, they should 
also be effective in preventing such losses in animals in a better 
state of nutrition. That such losses, however, are not entirely pre¬ 
ventable is evident from an experiment conducted at this station 
recently (7). In this instance two cows giving 21 to 28 kilograms of 
milk daily were fed t^ best ration that the writers could devise, in¬ 
cluding a supplemefit of disodium phosphate. With average daily 
calcium and phosphorus intakes of 129 and 117 grams, respectively, 
these cows were slowly but steadily losing calcium and phosphorus 
from their bodies. It seems impossible to escape the conclusion 
recently stated by Hart (1), that “m the early period of lactation, 
es'pewmy i^h high milk flow, the calcium assimilation from the diges¬ 
tive tract is insufficient to meet the needs of mammary secretion and 
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the skeleton is drawn upon, with a negative calcium balance result¬ 
ing.” The interdependence of calcium and phosphorus metabolism 
involves a simultaneously lowered phosphorus assimilation. 

SECOND EXPERIMENT: BONE MEAL AS A PHOSPHORUS 
SUPPLEMENT 

A second experiment, conducted in a somewhat different manner, 
was completed about a year later. In this experiment bone meal 
was used as a supplement instead of the soluble phosphates used in 
the first experiment. Bone meal is so often employed as a source of 
calcium an<l phosphorus for cattle that it was thought advisable to 
study its effects on the metabolism of these elements; but, as will 
appear later, .its use introduces expermiental complications, wliich 
make it necessary to exorcise great caution in drawing conclusions as 
to the physiological significance of the results. 

EXPERIMENTAL PROCEOURE 

Three grade Holstein cows were used in this experiment—cows 
A-37, A-43, and A- 46. Cows A-37 and A--46 were not pregnant; 
cow A-43 had been pregnant for about a month at the end of the 
experiment. The animals w^ere from SK to 5 ycare of age. 

The experiment began November 5 and ended January 13, a period 
of 10 weeks. During the first 3 weeks of the experiment the same 
basal ration was used as in the first experiment. During the next 7 
weeks supplements of bone meal and disodium phosphate w'ere added 
to the basal ration, bone meal the fimt 3 weeks and phosphate the last 
4 weeks. The amounts used were so regulated as to introduce a uni¬ 
form increase in the phosphorus intake, that is, one which, when intro¬ 
duced in the form of sodium phosphate, would keep the calcium- 
phosphorus ratio in the feed between 1.1 and 1.5. (Ibviously when 
bone meal was used it was impossible to make this correction in the 
calcium-phosphorus ratio of the feed. These supplements were added 
to the grain mixture, and in the case of bone meal, represented about 
3.8 percent, and in the case of the disodium phosphate, about 6.5 per¬ 
cent of the mixture. 

The w'^eights of the cows at the beginning and end of the experiment 
were respectively: Cow A-37, 568 and 575 kilograms; cow A-43, 43!) 
and 469 kilograms; cow A-46, 452 and 461 kilograms. 

Hay and grain were fed twice a day and the cows w'erc milked 
three times a day. 

The alfalfa hay contained about 1.5 percent calciiun and 0.2 per¬ 
cent phosphorus, the grain 0.13 percent calcium and 0.7 percent 
phosphorus. Chemically pure disodium phosphate and a high grade 
of bone meal were used to supplement the grain mixture and were 
thoroughly mixed with it. The bone meal contained 29.45 percent 
calcium and 14.06 percent phosphorus. 

EXPERIMENTAL RESULTS 

The milks secreted showed a uniform slight increase in phosphorus 
content when bone meal was fed (table 2). 
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Figure 2 shows the fluctuation in calcium and phosphorus content 
in the bodies of the cows during the course of the experiment. 

From a study of table 2 and figure 2 it is evident that the cows re¬ 
tained calcium during the period in which they were on the ba,sal ra¬ 
tion (except cow A-43) and that they retained even more calcium as 
well as phosphorus during the bone-meal supplement period but lost 
both calcium and phosphorus during the sodium- 
phosphate supplement period. 

The effects of changes in rations on calcium and 
phosphorus balances noted here are typical of those 
observed in aU balance experiments where the intakes 
of calcium and phosphorus are varied markedly dur¬ 
ing the experiment. It is probable, however, that 
these changes do not represent alterations in the 
amounts of calcium and phosphorus stored in the 
bones or other internal tissues of the animal, but 
changes primarily in the amounts of calcium and 
phosphorus held in mechanical suspension in the fluid 
contents of the stomachs and intestines. 

The bovine intestinal tract has a very complicated 
form, consisting of the four stomachs, one of which 
has liighly corrugated walls, in addition to the large 
intestine and the very long and convoluted small 
intestine. There can bo no doubt that considerable 
proportions of such insoluble material as tricalcium 
phosphate, or of any calcium and phosphorus com¬ 
pounds capable of forming tricalcium phosphate, when 
mtroduced into this tract with the food, are likely to 
remain in it for long periods. Furthermore, the 
normal kmount of the bovine intestinal contents or 
“fill” is very large. In the case of three cows of the 
Jersey type recently slaughtered at this station after 
they haa fasted for 24 hours, the average amount of 
fill was 52 kilograms. It is probable that in the case 
of Holstein cows on f^^ feed the fill would be about 
100 kilograms. 

Some idea as to how much calcium is likely to be 
retained in the intestinal contents and how long this 
element is likely to go op increasing there during a 
period of bone-meal feeding may be obtained from 
the figures given for the calcium in the urine and 
feces of cows A-43 and A-46 in table 2. Cow A-37 
is omitted from this discussion because she was badly 
off feed in the last of the periods in which bone meal 
was fed. It will be seen that the calcium content of 
the urine and feces of cows A-43 and A-46 did not 
reach its height until the second or third week of 
bone-meal feeding. 

Unfortunately the percentage of calcium in the feces alone was not 
determined. However, the percentage of calcium in the amount of 
feces and urine discharged weekly and mixed with a small amount of 
wash.water was determined; and, as the urine contains ve^y little 
fCalciuim as compared with the feces, these figures give a rough idea of 



Fiourb 2.—Fluctua¬ 
tion in the content of 
calcium and phos¬ 
phorus in the bodies 
of the com during 
the course of the sec¬ 
ond experiment. The 
solid line represents 
calcium; the dotted 
line, phosphorus, 
The divisions on the 
ordinate correspond 
to 100 grams of cal¬ 
cium or 46 grams of 

M orus, the ratio 
ch tliese ele¬ 
ments are present in 
bone. 
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the amounts of calcium contained in the intestinal contents at the 
beginning and end of the bone-meal feeding period. The actual 
amount of calcium contained in the fill at the beginning of this period, 
and the actual increase during its progress would, of course, be consid¬ 
erably larger than these figures indicate. 

The average amount of calcium in the urine and feces of cows A-43 
and A“-46 during the last period that they were on the basal ration 
was 0.238 percent, and during the last period on bone meal it was 0.378 
percent. On the supposition that the ffll amounted in each case to 
100 kilograms, this would mean that the intestinal contents of the cows 
had 238 grams of calcium at the beginning of the bone-meal feeding 
period and 378 grams at the end, and that the calcium retained in the 
intestinal tract increased by 140 grams during this period. This in¬ 
crease accounts for most of the increase in body calcium as shown by 
the balance results. It is not unreasonable to suppose, therefore, that 
the positive calcium and phosphorus balances in the second period of 
the experiment represent merely an accumulation of these elements in 
the intestinal contents; and that the negative balances in the third 
period represent a gradual loss of this accumulation after the daily in¬ 
take had been decreased. 

It is not unlikely that a somewhat similar explanation may account 
for the changes in the balances which took place in the first, second, 
and third periods of the (ii*st experiment where the intake of calcium 
was reduced by tlie feeding of timothy hay. This interpretation 
would not apjiear to invalidate the conclusions expressed in respect to 
the different phosphate supplement periods where the intakes of cal¬ 
cium and phosphorus were maintained quite uniformly constant. 

SUMMARY AND CONCLUSION 

Two experiments made to determine the relative value of certain 
soluble phosphates and bone meal as phosphorus supplements in dairy 
rations, are reported. In the first experiment the phosphorus supple¬ 
ments were orthophosphoric acid, monosodium, disodium, and tri¬ 
sodium i)hosphates; in tlie second experiment bone meal was used. 
During the first period of each experiment the same basal ration was 
fed, but the first experiment was started in late September, when hot 
weather and annoyance from flies reduced the consumption of feed, 
whereas the second experiment was started in the cooler weather 
of November. The result was smaller intakes of calcium and 
phosphorus and negative balances in the first exi)eriment and larger 
intakes of calcium and phosphorus and positive balances in the second 
experiment. 

Dairy rations of alfalfa hay and grain often have a rather large 
proportion of calcium as compared with phosphorus. The experi¬ 
ments here reported indicated that calcium and phosphorus balances 
of cows fed on such rations may sometimes be rendered more positive 
by adding orthophosphates to them. This improvement is more 
marked when the nearly neutral phosphates disodium phosphate, 
and monosodium phosphate are used than when orthophosphoric 
acid or trisodium phosphate is used. 

Large increases in the amount of calcium and phosphorus received 
by cowsdn their rations are likely to be followed by more positive 
calcium and phosphorus balances; decreases, by less positive balances. 
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There is reason to believe, however, tlmt considerable quantities of 
calcium and phospnorus may be retained as insoluble tricalcium phos¬ 
phate for several weeks in the intestinal tracts of cows, and there is 
no way of knowing what proportion of positive calcium and phos¬ 
phorus balances is to be explained in this way and what proportion 
really represents a gain in bone tissue. Changes in the balances, 
following large changes in the calcium and phosphorus intake, and 
lasting not more than a few weeks, should not therefore be taken as 
any certain indication of changes in the assimilation of calcium and 
phosphorus from the intestinal tract. 
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INHERITANCE OF RESISTANCE TO LOOSE SMUT IN 
CERTAIN WHEAT CROSSES* 


Hy P. C. TiNOEy, nsaiatant agronomist, and Bion Tolman, grarlmte student, Utah 
Agncullural Experiment Station ^ 

INTRODUCTION 

During recent years the principles of Mendelism have been applied 
extensively in the production of new types of plants possessing resis¬ 
tance to various diseases. The results of this mode of attacking the 
disease problem have been highly favorable. Old varieties are 
gradually giving way to newer types equal to or exceeding the old 
in quality and productivity as well as possessing resistance to one 
or more diseases. 

Loose smut in wheat, Ustilago tritui (Pers.) Jens., while not as 
serious a problem in Utah as the covered smut (TiUetia spp.) has. 



F iniiRK J . —Estimated average annual loss of wheal due to loose smut, by States, 1917-26, inclusive. From 
Journal of Agricultural Kesearch 39. 314 (1929). 


according to Tapke (16) ® caused an average annual loss in this 
State of between .50,000 and 100,000 bushels of wheat (fig. 1). The 
various methods advo(‘,ated for the control of loose smut in wheat, 
with the exception of the use of resistant varieties and hot-water 
treatments, have been either impractical of application or ineffective 
in control, or both {10). 

1 Received for publication, Fept. 26,1933, issued June, 1934. 

* The results reported herein were obtained in cooperation with the Division of Oreal Crops and Diseases, • 
Bureau of Plant Industry, U.S. Department of Agriculture. The writers are indebted to R. J. Evans, 
agronomist and A. L. Wilson, associate horticulturist, of the Utah Agricultural Experiment Station; 
to V. H. Tingey, assistant professor of mathematics, of the Utah State Agricultural College; and to F. A. 
Abegg, associate geneticist. Division of Sugar Plant Investigations, U.S. Department of Agriculture, w ho 
critically read the manuscript. Acknowledgment is made to V. F. Tapke for the u.se of figures 1 and 2. 
The writers wish also to expiress their appreciation to Margaret Richards Cook, who calculated the data in 
the tables. 

3 Reference is made by number (italic) to Literature Cited, p. 665. 
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According to Tapke {16) the modified hot-water treatment devised 
by Freeman and Johnson (4) has generally been the method recom¬ 
mended. While this method is effective, if properly carried out, it 
is rather complicated and tedious to apply, especially for farmers, 
who usually are not properly equipped. Because of this and the fact 
that the disease frequently escapes observation, seed treatment for 
the control of loose smut is seldom practiced; as a result, the disease 
is allowed to go unchecked. The development of a resistant variety 
possessing the other desirable characteristics of locally grown spring 
wheats would be a decided advantage to the farmers in combating 
the disease. 

REVIEW OF LITERATURE 

A number of studies have been made on the comparative resistance 
of wheat varieties to loose smut. Tapke (16) gives an account of his 
studies on varietal resistance to this disease. It is evident from his 
work, as well as that of others, that some varieties exhibit greater 
resistance than others. Matsuura (12) reviews a report, Washington 
Agricultural Experiment Station Bulletin 155, presumably on the 
inheritance of resistance to Ustdago triiici. Howcvct, the original 
article refers only to smut and does not state whether it was U. tritici 
or TiUetia tritici. An article by T. Kilduff (.9) came to the attention 
of the writere as this manuscript was ready for publication. The 
writer was unable to give a genetic analysis of inheritance to loose- 
smut resistance. 

EXPERIMENTAL MATERIAL AND METHODS 

PARENTAL MATERIAL USED 

Varieties and strains 6f wheat used in these studies were Hope (M. 
8178; Preston C.I. 3081; 01-24, C.I. 11542; Dicklow No. 3; and 
Federation. These are all classed as Triticum rulgore Vill. wheats. 
The two leading spring varieties grown in Utah are Federation and 
Dicklow. Dicklow No. 3 is a Utah selection out of the Dicklow 
variety. This strain is the one used as a check in the wheat-nursery 
tests conducted at the station. It is more uniform, is less subject to 
lodging, and is a slightly higher yieldcr than the ordinary Dicklow 
vanety. Strain 01-24 is a new production from the Utah station. 
It is a strong-straw'ed, high-yielding, white-kerneled spring wheat. 
The parents of this strain are not definitely known. However, it is 
probably a segregate out of either a Dicklow X Federation or a Dick- 
low X C.I. 4722 cross. The reaction of this strain to loose smut 
places some doubt on the possibility of its being out of the Dicklow X 
Federation cross, as Federation appears to possess no factors for 
resistance and 01-24 is more resistant than the Dicklow No. 3 strain. 
. There is, however, tlie* possibility that the Dicklow or Federation used 
in the cross from which 01-24 might have been selected was more 
resistant than the Dicklow No. 3 or the Federation used in these 
Studies. Selections of Dicklow and Federation made at the Utah 
stotion show definitely that these two varieties do possess individuals 
.differing in physiological characters; similar or even greater differences 
^ possible in regard to their reaction to loose smut. A history of the 
. orig^ .and development of Hope C.I. 8178 is given by McFadden 
(10)', ^l^ton C.I. 3081 and Federation are described by Clark et al. 
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(/). The varieties, with contrasted characters studied, are shown in 
table 1. 


Table 1. —Contrasted characters of the parents studied in the crosses 


Parental variety 

Morphological characters 

Average per¬ 
centage of 
infection with 
loose smut 

I*resence or absence of 
awns 

Chaff color 

Grain color 

Hope... 

Fully awned... 

WTbito. 

_do. 

Bronze__ 

Red. 

0 

1.6db0.39 
J8.65±l. 21 
38.47^:1.27 
73 60=1=1.67 

Preston.. 

01-24. 

.do.—- 

Short apical awns.. - 

.. _do. 

White. 

Dicklow No. 3 . 

.do.. 

White.. 

.do.. 

Federation__ 

Short beaks.. 

Bronze__ 

.do.. 






Inoculation experiments conducted in 1928 showed Hope wheat to 
be completely imirume to the inoculum used. Later McFadden (10)^ 
who is responsible for the development of this variety, was led to 
conclude from his observations and tests that Hope wheat is higlxly 
resistant, if not immune, to the loose smut occurring on Kota. Other 
strains and varieties were found to possess varying degrees of resist¬ 
ance. How^ever, Dicklow and Federation were found to be susceptible 
to the inoculum used. Federation was highly susceptible, whereas 
Dicklow possessed only a fair degree of resistance. Tliis was some¬ 
what surprising as Dicklow has consistently smutted under natural 
conditions more than Federation. How^ever, it is undoubtedly due 
to a type of morphological resistance possessed by the Federation 
and not by the Dicklow^ variety. Tliis resistance appears to be of such 
a nature as to prevent/ the smut spore from coming in contact with the 
stigma, such as having closer flowering glumes or having stigmas 
which are less likely to protrude outside the flow ering glume during the 
blooming period. 

INOCULUM USED 

One of the difliculties in attempting to place the inheritance of 
disease resistance on a definite factorial basis is the possibility that 
the inoculum used may not bo of a single physiologic form. 

Rodenheiser { 14 ) concluded from culture studies on nutrient media 
that there were physiologic forms of l/stilago tritici and U. nuda 
(Jens.) K. and S. In fact, he is of the opinion that U. tritici and U. 
nuda are physiologic forms rather than separate species. Whether 
these or other forms will be different pathogenically remains to be 
determined. However, there is reason to believe that there are 
different physiologic forms of ?/. triticL Humplirey and Tapke (S) 
conclude from cross-inoculation experiments that wheat and rye 
smuts were identical U. tritici. Reed (13) reports physiologic strains 
within U. avenae (Pers.) Jens. Fans (2) has reported similar results, 
on U. hordei (Pers.) K. and S. Tisdale and Johnson {17) and Stak- 
man and Christensen {15) have demonstrated the existence of 
physiolojjic strains of U. zeae (Beckm.) Ung. The inoculum used 
was originally taken from the Dicklow variety, and it apparently 
spread to Federation and Sevier. Dicklow has been grown at the 
Utah station for years, and the other varieties, except Federation 
and SeVier, have shown little or no infection. Some prelimina^idata 
secured seem to indicate that the inoculum used in these studies was 
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comparatively uniform pathogenically. In figure 2 are shown two 
spikes of wheat, the one healthy and the other infected with loose 
smut. 

EXPERIMENTAL METHODS 

Pure-line crosses between Hope X Federation, Hope X DicklowNo. 
3, and Preston X 01-24 were made at the Central Experimental Farm 
(North Loean) in 1928. Pollen from anthers of a single spike was 
used to pollinate the stigmas of a single spike. The progeny of a 
single Fi plant were seeded in the spring of 1929. The kerners were 
spaced about 2.5 inches apart in a row. Inoculations were made 
by the time the spikes reached the full bloom stage. In preparing 

the heads for inoculation, 
the center and the basal 
and terminal florets of 
each spikelet were removed; 
if awns were present, they 
were clipped off. The 
glumes of the remaining 
florets were then spread 
apart with small hand for¬ 
ceps, and the stigma was 
thoroughly dusted with the 
inoculum. Seedlings were 
made from each Fz plant. 
The number of ])lants 
represented in Fa i*owr are 
shown in the various good- 
ness-of-fit tables. The Fa 
rows were sown in ran¬ 
domized blocks with du¬ 
plicate plantings of the 
Hope X Federation cross 
and three replicates of the 
Hope X DicklowNo. 3 and 
Preston X 01-24 crosses. 
A number of parental rows 
were sown at random over 
the experimental area. 
The genetic characters 
studied were resistant to 
loose smut, awns, glume, and kernel color. Smut-infection data were 
based on plant count and not on head emmt. 

In studying the goodness of fit, the x“ test, as given by Fisher (S), 
was used. 

EXPERIMENTAL RESULTS 

PREUMINARY EXPERIMENTS ON INOCULATION TECHNIC 

Some preliminary studies were made in 1928 in order to determine 
the proper time and method of inoeulation to insure maximum 
‘infection. 

Methods of Inocttlation 

GWamydosporea were suspended in water and then placed on the 
stigmas of some of the plants; the powdered inoculum was placed on 
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the stigmas of others by opening the glumes and applying the spores 
with a pair of forceps. The third method tried was that of heavily 
dusting the dry spores on the spikes of plants; and the fourth method 
»«ras that of dipping the spike in a beaker of water heavily laden with 
spores of loose smut. Table 2 gives the results of this test. 

Table 2. —Percentage of infection obtained from various methods of inoculation 
{given to the nearest whole percent) “ 


Mpthod of inoculating 


Hpores placed on stigma 
Dusted on 

Suspended in water ,.. 
Spores platted on the spikes 
Dusted on. -.. 
Susnended in water 
Check uio inoculation) 



Federation 

Dicklow No 3 


Total 

Plants 

Total 

Plants 


plants 

infected 

plants 

infected 


Number 

Percent 

Number 

Percent 


73 

60 

.54 

52 


21 

.50 

11 

57 

- 1 

59 

! 16 

72 

34 

1 

22 

5 

12 

0 

. i 

17 

0 

15 

1 0 

i 


• Data in this table show Utile difference in the percentage of infection in Dicklow No 3 and in Federation. 
The percentage of infection us somewhat high for one and coirespondingly low for the other as compared 
with data in table l This is probably due to the fact that the oata here are based on single 6*foot rows 
subject to rather wide variations, whereas data in table 1 represent an average for a number of rows. 


It is evident from tabic 2 that the most effective methods of inocu¬ 
lating were those which involved the placing of the spores directly on 
the stigmas. However, there was no difference between placing the 
spores on the stigmas when dry or suspended in water. Dusting the 
spikes with the spores appeared more effective than dipping them in 
water containing spores. It will be seen from table 3 (compare with 
table 4), however, that response to dusting spikes with the inoculum 
varied with the variety and, therefore, could not be relied upon to 
give satisfactory results in genetic studies. 


Table Ji. --Reaction of the wheat varieties ami strains to loose smut when the inoculum 

imft (lusted on the spikes 


Wheat variety or 

Total 

Plant.s 

Infection 

Wheat variety or 

Toial 

Plants 

Infection 

strain 

plants 

infected 

plants« 

strain 

plants 

infected 

plants« 


Number 

Percent 

Percent 


Number 

Percent 

Percent 

Dicklow 

72 

34 7 

0 0 

Q-250 . - - - 

105 

1.9 

24 

Dicklow No 3 

53 

34.0 

6.1 

K-18-.5 . 

/1 

10 4 

.0 

Dicklow^ No. 16 

61 

41 0 

.0 

K-48-22 . 

82 

2 4 

0 

Federation.. 

59 

15 2 

.0 

R-S4-.5. . ... 

106 

7.4 

.0 

Hard Federation 

60 

0 

0 

R-R 17 - 

72 

4 1 

0 

Marquis. 

.54 

3 6 

0 

A-4 

70 

.0 

0 

Alcalde... 

58 

.0 

0 

14-8.5. - 

81 

1.2 

.0 

Onas. 

52 

13 0 

0 

G-40.. . . 

60 

.0 

0 

flevier A.-. 

37 

27 0 

.0 

0-43-11-. - 

75 

4,0 

.0 

Sevier 69. 

36 

16.7 

.0 

0-48. 

62 

6.4 

.0 

Sevier 125.. 

31 

6.5 

,0 

0-149. 

65 

1 3.1 

.0 

No. 139-3 

59 

11.9 

.0 

4-287 - . 

67 

3.0 

.0 

No. 146. i 

57 

7,0 

1.2 

,V186--. 

68 

7.3 

1.0 

No. 49-10 

43 

4.7 

.0 

9-7. 

48 

10.6 

.0 

No. 1-174-2 

68 

10.3 

1.6 

11-12.. 

80 

13.7 

.0 

01-24. 

47 

10.6 

.0 

11-88.. 

74 

1.5 

.0 

Q-80... 

91 

6.6 

.18 

12-101. 

65 

.0 

.0 

Q-227. 

80 

3 7 

.0 

13-47 . 

83 

.3.6 

.0 

0-231 . 

' 68 

1.4 

.0 






• Checks not inoculated. 
65.577-44-6 
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Time op Inooulation 

'Inoculations were made at three different stages of anthesis: (1) 
When the stamens were green, (2) when they were yellow, and (3.'^ 
when the pollen was being shed. In all cases the smut was placed 
directly on the stigma with forceps. Data on the time of inoculation 
are given in table 4. Student’s pairing method (S) was used to 
determine whether there were any significant differences. It is 
obvious from the probability, as shown by P in these tables, that there 
are no significant differences; at least, if there are any, they are 
covered up by the differential reaction of the varieties. 


Table 4. — Percentage of loose-smut infection obtained on different varieties and 
strains inoculated at two different stages of anthesis and the prohahility of a differ¬ 
ence in the two means 


OREEN AND YELI.OW STAMENS 


Wheat variety or strain 


Alcalde. 

Onoas. 

Sevier 125. 

1-46. 

q-248.-. 

U-R-18-5. 

R~48-22. 


Percentage of infec- 


Percentage of infer- 

tion when plants 


tion when plants 

w’ere inoculated 


were inoculated 

while stamens 


while vStarnens 

were * 

Wheat variety or .'ttram 

were- 

Green 

Yellow 


Green 

Yellow 

100 0 

100.0 

R-S 4-5 . 

77 8 

76 9 

06.0 

06 7 

R-8-17 .. .. . . 

77 8 

100 0 

60.0 

80 0 

11-30 . 

70 0 

"80.0 

73.7 

90.6 

Dicklow No. 3 . 

8:1.3 

64 4 

60.0 

60,0 

Federation- 

80.0 

^ 79 80 

80.0 

K8 9 


- — 

- - 

63.6 

60 6 

Mean . 

i 75 9* 

79 0 


STAMENS GREEN AND STAMENS SHEDDING POLLEN 


Marquis .. 
Q-227 - 

9-7. 

14 61 _ 


« 

Green 

Shedding 

pollen 


Green 

Shedding 

pollen 

33,3 

33.3 

Dicklow No. 3 . 

83.3 

^50 0 

81.8 I 

30.8 

Federation 

80.0 

<*89 0 

87. 5 1 

78.6 


. 

.. - _ 

22 2 

31.6 

Mean . 

64.7 

52 .3 


STAMENS YELLOW AND STAMENS SHEDDING POLLEN 


1 

Yellow 

Shedding 

pollen 


Yellow 

Shedding 

pollen 

01-24 - .. 

81.2 

81.2 

Dicklow No. 3... , J 

64.4 

'50 0 

Q-89._! 

90.9 

65.0 

Federation. 

79.8 

^89.6 

F-68. ! 

36.4 

52,9 


- - 

- - 

n-12. 1 

81.8 

25.0 

Mean. 

73 1 

66.2 

11-88, . . ... . 

76.9 

100,0 





•?»0 71. «r^L23. <»P»0.2-0.3. 


The data presented in table 4 at first seemed to indicate that more 
infection was obtained when the stamens were green, as was stated by 
Tapke (16). However, when the data were analyzed statistically, no 
significant difference was noted between the three periods of inocula- 
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tion. Maddox (11) states that the time of maximum infection is 
during the period when the pollen is being shod. Freeman and 
Johnson (4) concluded that maximum infection occurs during the 
period of full bloom and that some degree of infection occurs until 
the ovary has reached one third its mature size. 

STUDIES ON INHEKITANCE OF RESISTANCE TO LOOSE SMUT 

DlKFK'ULTTEh IN PLA(HN<3 Re.HISTAN<’E ON A DEFINITE Fa<TOKI\L BaSI8 

Several difiiculties are encountered in attempting to place on a 
definite factorial basis the inheritance of resistance to loose smut, as 
well as to any other disease. One of the most complicating factors 
is the effect of environment. This effect was partly reduced by 
replication. .Some com])aratively susceptible types occasionally 
escape the disease when grown in short rows, even though artificially 
inoculated. For example, Preston on the average smuts about 1.6 
percent, with some rows smutting as high as 9.5 percent; however, 79 
percent of the rows, in these studies with IR) seeds sown in each row, 
entirely esca])ed infection. 

The possibility of the inoculum not being entirely uniform, because 
of the possible existence of jdiysiologic forms of loose smut, also adds 
to the difficulty of placing the inheritance of resistance on a definite 
factorial basis. In spite of these complications, an attempt has been 
made to place resistance on a Mendelian basis. 

KeL\TION of InFE(’T10N to vShE\TH (N)LOK 

An interesting condition developed on the sheaths and the exposed 
culms of inoculated plants. Usually the plants with smutty spikes 
developed a distinct grayish-purple color on the leaf sheaths. At 
first it appeared as if the coloration were a characteristic of the culm; 
on closer examination it was found that the coloration was generally 
confined to the sheath portion of the leaf. It was also found on the 
portion of the culms exposed to the light. This ])eculiar coloration 
develoy)ed on Hope and IVeston during the year they were inoculated, 
whereas on Federation no color developed even though the plants 
smutted. In the F^ generation there ap])eared to be a segregation 
for this condition, suggesting that it may partly be controlled by 
genetic factors. According to Heald (7, pp. (18^3 884), a similar 
condition was observed by McAlpine, who stated that “when a stool 
is affected with loose smut, the stalks are generally of a purplish tint, 
so that they can be readily picked out from among the general crop.” 

Biometkk al Studies 

RELATION OF hMUT INFECTION AND SEEDLING MORTALIT’I 

• 

In the study of disease resistance where the disease organism is 
operative during the seedling stage of the host plant, it is important 
to know whether or not there is any differential relationship between 
the infection and seedling mortaUty among resistant and susceptible 
lines. If such a relationship existed, it would no doubt materially 
complicate a genetic interpretation of inheritance. In order tio 
determine whetner this condition did exist, a known number of kernels 
were seeded in each F 3 row. This made it possible to calculate the 
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percentage of seedling plants reaching maturity, or the percentage 
stand. It appeared evident that if the disease were causing the death 
of any appreciable number of susceptible seedlings, there should be a 
relationsmp in the percentage of smut obtained in the F3 rows and 
the percentage stand. Simple correlation coefficients were used to 
measure whether or not a relationship existed; since F3 rows were 
replicated, an average of the replication was taken for both the 
percentage of smut and the percentage of stand; this average replica¬ 
tion was used in calculating the correlations. Correlation coefficients 
thus obtained, between the percentage of smut and the percentage of 
stand for the susceptible parental strain and for the F3-progeny rows, 
are shown in the following tabulation; 


Materia]: r 

Federation.. . 0. 167 

Dicklow No. :i . . lOi .115 

01-24. . . .16i . 096 

Hope X Federation (F .1 rows)-- _ .... ... .02 d- .047 

Hope X Dickiow No. 3 (Fj rows) . . . 02-}: . 039 

Preston X 01 24 (Fa rows) . . .. 01 f , 039 


There seems to be no evidence from these data that smut has any 
differential influence on the percentage stand in the F3 rows of resist¬ 
ant and susceptible lines. This is further shown in considering the 
average percentage stand obtained in the F3 parental rows, since here 
it is possible to compare the inoculated resistant and susceptible 
strains. The average percentage stand was: Hope, (>5.1; Preston, 
54.6; 01-24,56.2; Dickiow No. 3, 68.5; and Federation, 75.2. 

Thus it appears safe to conclude that under the conditions of the 
experiment, the smut organism had no greater effect on the seedling 
mortality, on an average, in susceptible than in resistant lines. 

DETERMININCi THE CLASS INTERVAL 

Because of the unknown experimental errors in percentage of infec¬ 
tion occurring from single-row plantings, it seemed advisable to make 
replicate seedings and to determine the size of the errors in the various 
crosses, and use these results in interpreting the data. The experi¬ 
ments were planned with a view t8 using Fisher’s (3) analysis-of- 
variance method, and the replicates were randomized accordingly. 
In two of the crosses there was enough seed for three replications, 
while in the other cross duplicate seedings only were possible. Analysis^ 
of-variance data for the three crosses are given in table 5. 

Fisher’s (3) Z test was made to determine whether or not there was 
any treatment effect; the value of Z thus calculated is shown at the 
bottom of the last column of table 5. Sinen Fisher’s (3) tables do not 
give the value for n, and n, as occurring in the analysis-of-variance 
tables, it was necessary to calculate this value from the formula given 
*^by him. This valu'e is shown at the bottom of the table. The Z 
quantity, calculated by comparing the variance due to treatment with 
that’due to error^ as showi m table 5, is larger in all cases than Z for 
the 1-percent point. This shows that there is imdoubtedly a treat¬ 
ment effect, which naturally was to be expected from the nature of the 
material, since the mean percentage of smut occurring in the replicated 
Pa rows Ranged from no smut to a rather liigh percentage. 
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Table 5 Analysis of oanance for threi wheat crosuH 
HOPE X l-EDERATION CROSS 


j 

Variance due to 

Decrees of 
freedom 

Sum of 
squares 

Mean 

square 

Half loi; 

Replication 


0 01 



Treatment 

20() 

95 170 77 

462 02 

A 067b 

Error 

AK) 

11,459 99 

55 61 

2 0090 

Total 

411 

lOfi tm 79 


y-l 05S4 


/^/ i(X) //.—i(Hl y I pprmil point-0 
PREST()\ X 01 24 ('ROSS 


Replitulioii 

Treatment 

Error 

'I otal 


2 

571 09 

1 


.40f> 

19 741 41 

129 SS 1 

2 4315 

014 i 

41 115 41 

72 44 1 

2 1414 

922 { 

116 616 79 i 

1 1 

2917 


ni-4(M) n -f»14 y~t percent ixnnl-O 114K 
HOPE X DICKLOW 


Repluation 

'rreatiiient 

2 

149 91 1 

1 


11H> 1 

1 7H 4K2 19 1 

256 4S 

2 773(> 

Kiror 

614 1 

1 - 1 

f 17 49H 94 ’ 

61 27 

_1 

2 0579 

Tot d 

1 922 

116 131 24 1 

1 

7157 


ni^ Wt rt-fill / 1 penent point«=() 1140 


It is evident from table 5 tluit the variane(‘ of a sino^le determination 
is 55.08 for the Hope ^ Federation cross, 72.44 for the Prestun x 
01 24 cross, and 01.27 for the Hope Dicklow No. 8 cross. These 
\alu<‘s were used in each case to set up a difference necessary between 
two mean percentages of infection for u probability of 0.05. Since 
tlie error was based on a rather larjice number, a significant difference 
would amount to about twice tlie standard error of the difference. 
This quantity amounted to about 18 percent in the Hope Dicklow 
No, 3 cross, 14 percent in the Preston < 01 24 cross, and 15 percent 
in the Hope X Federation cross. Then, in classifying the F 3 row's, 
the value necessary for a significant difference w'as taken as the class 
interval; on this basis a frequency table was constructed. The pro¬ 
portion of F 3 rows falling into each of the classes and the reaction of 
the parental types formed the basis for arriving at tlie factorial 
explanation for the inheritance of resistjince to loose smut herein 
suggested. 


(tenetic Stcdies of Resistan(’e to Loose Smut 

The reaction of the parental material to loose smut {Ustilagd 
tniici), as shown in table 6 , seemed to indicate that possibly more than 
one factor was involved in the inheritance of resistance. This w’^as 
also suggested by the breeding behavior of the F 3 progeny of the 
various crosses. On the basis of these two conditions, it was "assumed 
that at least three factors were involved in the inheritance of resistance 
to loose.smut. This factorial relationship of the parental material is 
shown in table fi. ^ 
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Since Hope has never smutted even though thousands of inoculated 
plants have been grown, it was considered to be completely immune 
to the inoculum used; therefore, it possessed all three factors in the 
dominant condition, though dominance is evidently incomplete and 
the factors have a cumulative effect. Likewise, each of the three 

factors are thought to 
have a different effect, 
an individual with the 
RiRi factor showmg 
somewhat more resist¬ 
ance than one with the 
R 3 R 3 factor and one 
with the RiRi factor 
being about as resist¬ 
ant as one possessing 
the other two factors. 
This does not mean 
that these factors have 
definite numerical 
values with specific ex¬ 
pression, regardless of 
the genotype, as factor 
interaction is not an un¬ 
common phenomenon. 

On an average, 
Preston has smutted 
about 1.6 percent, al¬ 
though when it is 
grown in rows of ap¬ 
proximately 30 seeds 
to the row, similar to 
the JVprogeny rows, 
about 70 percent of the 
rows show no smut at 
all; other rows show as 
much as 9.5 percent 
smut. Consequently, 
it was assumed that 
Preston lacked one of 
the factors common to 
Hope and that the ab¬ 
sence of this factor 
allows some smut to 



FlQUBK 3.—Frequency distribution of parental varieties and F» proge- develop. PreStOn 
ny in various wheat crosses aa related to loose-smut infection. A, j 

federation and Fs progeny of Hope X Federation; B, Dioklow No. WOUlu tilBIl D6 CiaSSBu ftS 

3 and Fa progeny of Dioklow No. 3 X Hope; C, Prestom 01-24 (Utah hlfrhlv resistant but not 
* selection) and Fg progeny of fteston X 01-24 (Utah selection). ^t uu tuut 

immune, as was Hope, 
Under similar conditionsj 01-24 smuts about 20 percent. There¬ 
fore, it was assumed that it possesses two factors m common with 


H^e but that it differs from Preston in two factors. 

Dicklow No. 3 apparently was more susceptible than 01-24 and, 
therefore, was assi^ed only the one factor, ttiRi] lacking RiRi and 
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R 2 R 2 t it is comparatively susceptible and smuts on an average nearly 
40 percent. 

^Table 6. —Genetic composition assigried each of the parental types^ on the basis of 
reaction to loose smut, the range^ and the average percentage of infection occurring 
in rows of SO kernels each 


Parent 


Hope C.l, 8178. . 
Preston C.l. 3081 
01-24 C.l. 11542... 
Dicklow No 3 
Federation ... 




Infection 

Genotype 

Rows 

Range 

Average 


Number 

Percent 

Percent 

iiiHi H3H2 RiR^ . 1 

50 

0-0 

0 

iii R\ R 2 R 2 fafs . __ 

26 

0-9 5 

1 6=t:0.39 

fifi RiRt R 3 R 3 - . . . 

47 

0-50. 0 ! 

18. b±l. 21 

Tiri fsrj R 1 R 3 .. .... 

34 

18.2-61.9 

38, 5±1.27 

rj.’-i Tin far 3 - - 


60 9-91. 3 

73 5=fcl 57 


Federation"is assumed to possess none of the factors for resistance, 
since it ordinarily smuts 70 percent or more. 

In table 7 is shown the distribution of the parents and the F 3 of the 
various crosses in 5-percent classes for loose-smut infection, and 
figure 3 is a graphical presentation of the same data. 


HOPE X FEDERATION CROSS 


It is evident from the factorial relationship assigned each parental 
type that the Hope X Federation cross should give rise to 27 F 2 
genotypes. The reaction of the known genotypes, the parents, to the 
smut inoculum is shown in table 6 . On the basis of these known 
types, the behavior of the remaining genotypes was formulated. 

Table 1 .—Distribution of parents and Fz rows of the crosses named in n-percent 
classes for loose-smut infection 


Parent or e^os^ 


Hows ha\mK perc'eutages of loose-siijut infectlou falling within 
tlie indicatwi S-pert^ent elas.ses (averai?e of throe replications for 
ROWS single rows for parents) 
smut- 

I ' T ' f' I—I-, I I "r i' ' I I , i" 


'I’ula 

row'N 




43 




fi8 


73 


78 


83 


88 


93 


Hope CM 8178 number. 
Federation.. number. 
91b-Hope (C.l 8178) X 
Federation _„number- 
Hope 1 8178 number. 
Dicklow’ No. 3 (Ctah se¬ 
lection). — number 
87b-Hope C 1. 8178 X 
Dicklow No. 3 (Utah 
selection)-., .number . 
Preston 0.1.3081 numlior. 
01-24 (Utah selection) 

number—.. 

93b-Preston X 01-24 
(Utah selection) 
number... 


05 


33 


38 


• Taken to the nearest whole number. 


10 

43111 16 

207 

..... 34 

- 34 

307 

20 

- 47 

.. 306 


The basic phenotypic ratio ordinarily obtained in Fs in a cross, 
when three independent factors expressing different characters are 
involved, is 27 : 9 ;_9 : 9 ; 3 : 3 : 3 : 1 . This ratio, however, may be 
modified by factor interaction. In the case under consideration the 
factors were assumed to be of unequal value and were all involved in 
the expression of a single character. It has been shown that strains 
even though somewhat susceptible, escape infection when sown in 
short rows and, therefore, would be placed in the nonsmutting group. 
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This would tend to make this group too large. To obviate this diffi¬ 
culty, those progenies showing no infection were included in the lowest 
frequency group. Tliis class interval permitted a certain percentage 
of infection, wliich in tliis cross included those with no infection up’ 
to 14.9 percent. The method of arriving at the class interval has 
previously been discussed. The reason for using the experimental 
error in arriving at the class interval is that F 3 strains majr actually 
be susceptible up to as much as 15 percent, and yet a certain propor¬ 
tion may escape infection when grown in short rows even though 
replicated. Tliis would also be true if the interval were extended, 
but not with the same probability. The phenotypes, the theoretical 
parental types, a,nd the liasis of classification of the rows in the 
Hope X Federation cross are shown in table 8. 


Table 8.— Possible F 2 genotypes: the theoretical parental type; the percentage of 
infection, and the basis of classification of the F^: also the phenotypic ratio in the 
Hope X Federation cross 






1 Fa classificatjon 

GeiiotyriC 

Nuin- 
l)er of 
each 

Theoretical parental tyrie 

Actual 

parental 

average 

infection 

Class in¬ 
terval 

Aver¬ 
age in- 

Pheno¬ 

typic 





faction <» 

ratio 

RiRi RiRa -- 

RiRi RiRa — 

2 

' 



'M 



2 


Percent 

0 

Percent 

Percent 


Rift RiRi RiRz . 

2 

JHope . — 


RiRi Rafa Rara. 

4 


. 


Rifi RiRi R'lrs. - 

4 






Rifi Rifa RiRi, .. 

4 






Rtfi Rifi Rifi . 

8 



0* 14. 9 

6.9 


Total. 

27 






RjRi RiRi rati . 

i 

1 " 




' 45 

RiRi Ran nra-. . ! 

Rin RjRs rjrj , 

2 

2 

> Preston. 

1 6 



Rjfi Ran nn 

4 

1 





Total ... - 

8 






RjRi nn RaRa--.. 

RiRi nn Ran, 

Rifi nra RiRi . ,.. 

2 

2 

hnterinediate t Preston and 01-24)*' 





Rtn ran Rara . 

4 

) ^ 





Total. 

tf 













fifi RaRa RaRa. 

firi RjRa Rafa. --- 

rifi Rara RaRa-— 

2 

2 

>01-24 . 

1 18 5 

15-29 9 

19.9 


nri Rara Rsrs. 

4 

1 



1 


Total. 

9 





12 

RiRi rara rara . 

Riri ran ran . 

2 

|Kqual to 01-24 ... 

18 5 








Total__ 

a 






rin RaRa rara . 

rin Rifi nn . 

2 

^Intermediate (01'-24 and Dicklow 

1 No.a).*^ 

}. 

30-44.9 

34.9 

3 

Total. 

a 






rift rtfi RiRa . 

1 

}r>icklow No. 3. .. 

aas 

45-59.9 

46.5 

3 

nrt nra Rara,,,, . 

2 






Totid- 

a 






fifi ran nra .. 

1 

Federation. 

73.8 

60-74.9 

62.3 

j 





« ftvemge ot tBe class ati4 not the mid point. 

^ resistftBt as Preston but more resistant than 0lr24; somewhere between 1.6 and 18.5 percent. 

« TMiUKi hmtor was assumed to be equivalent in edeot to the and factors. 

<< Not il^ietant as but more resistant than DiaUow No. 3, somewhere between 18.5 and 38.5peroent 
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On this basis, Hope, Preston, and the Intermediate (Preston and 
01-24) genotypes all fell in the same class. It is evident from table 8 
that forty-five sixty-fourths of the F 3 progeny rows would theoreti- 
' cally fall in the first phenotypic group, in which infection would range 
from 0 to 14.9 percent. In the second group infection ranged from 
15 to 29.9 percent; tliis group included the genotypes corresponding 
to the 01-24 parental type. Inasmuch as the RxHx factor carried by 
Hope is assumed to be equal in effect to the other two factors, twelve 
sixty-fourths of the progeny rows would be expected in the second- 
class interval. In the third group infection ranged from 30 to 44.9 
percent. This group was composed of the genotypes which were 
neither 01 24 nor Dicklow No. 3 types but which fell somewhere 
lietween them; three sixty-fourths of the progeny rows should be of 
this type. The genotypes corresponding to the Dicklow No. 3 paren¬ 
tal type constituted the fourth group, in which infection ranged from 
45 to 59.9 percent; three sixty-fourths of the progeny rows would 
also be expected to be in tliis class. Infection in the last or upper 
group ranged from 00 to 74.9 percent; this group included the geno¬ 
type characteristic of Federation and included only one sixty-fourth 
of the progeny rows. This completes the phenotypic ratio of 45 : 12 : 
3:3:1. Table 9 shows the goodness of fit obtained when the ob¬ 
served data were fitted to this ratio. The probability is between 0.2 
and 0.3 and is considered satisfactory. 

Table 9. —Goodness of fit obtained from the breeding behatnor in F 3 in regard to 
loose-smui resistance in the Hope X Federation crossj based on a , 12:3:3. 1 
ratio 


Suiut (ijewnt) 


U to 14 9 
15 to 29.9- 
30 to 44 9- 
46 to 69 9 
60 to 74.9 


Number of progeny 


Observed 

Calculated 

132 

143. U 

43 

39 4 

14 

9.6 

13 

1 9.6 

6 

3 2 


xa=5.4086 
-P=0.2' 0.3. 

HOPE X DICKLOW NO. 3 


It will be observed that Hope and Dicklow No. 3 differ from each 
other in two factors and that there will be no genotypes which do not 
carry the R 3 R 3 factor for resistance. The possible F 2 genotypes, 
the theoretical parental types, the basis of classification of the F 3 
rows, and the phenotypic ratio of Hope X Dicklow No. 3 cross are 
shown in table 10 . 
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Table 10 .—Possible Fi genotypes, the theoretical parental type, percentage infec^ 
tion, and the hasis^of classification of F^, also the phenotypic ratio in the Hope X 
Dicklow No. 3 cross 


Genotype 


H\R\ RiRs RiRi. 
R\Ri Rati RsRs-^ 
Rif I RsR 2 RiRi,^ 
Rifi Rgr2 RiRi—. 

Total- 

RiRi nn RgRi,,. 
Riri rgrt jRaife— 

Total. 

nri RaRi RaRa... 
nn Rara RaRa —. 

Total. 

rifi rara RaRa 



Num¬ 
ber of 
each 


Actual 

Fs classification 


Theoretical parental type 

parental 

average 

infection 

Class in¬ 
terval 

Aver¬ 
age In- 
fection* 

! Pheno¬ 
typic 
ratio 


1 

2 

2 

Hope—..- - 

Frrmit 

0 

Percent 
0-12.9 

Percent 

6.8 


- 

4 






- 

9 







1 

2 

jlnteriuediate (Preston and 01-24) 






3 






.. 

1 

joj-24.—. -- . 

18.6 

13-25.9 

17 1 

3 


2 



.. 

3 

1 







1 .. 

1 

Dicklow No. 3. 

38.5 j 

i 26-55.0 

37.1 

1 





« The average of the class and not the mid point. 

^ Not as resistant as Preston but more resistant than 01-24; somewhere between 1.6 and 18 o percent. 


The amount necessary to give a significant difference between two 
mean ijercentage infections, calculated as previously stated (with a 
probability of 0.05) was approximately 13 jiercent. Consequently, 
this was the amount used as the class interval in separating the pheno- 

g pic groups and in determining the phenotypic ratio. As in the 
ope X Federation cross, no attempt was made to differentiate 
between the genotypes* resembling the Hope parent and those which 
carried the RiRi and B 3 R 3 factors, making them intermediate (Preston 
and 01”24) types, because they were all included in the same class 
interval. The range of smut infection allowed in the first phenotypic 
group was from 0 to 12.9 percent. The class interval in this cross 
is slmhtly less than that allowed for«the corresponding genotypes of 
the Hope X Federation cross. This reduction in class interval was 
due to the slight difference in the variance obtained in this cross and 
also to the fact that there were triplicate plantings which would reduce 
the standard error of a difference accordingly. Inasmuch as the 
class interval is reduced 2 percent in this cross, the range of smut 
allowed by the various genotypes is correspondingly reduced. Infec¬ 
tion in the second phenotypic group ranged from 13 to 25.9 percent 
and included the genotypes typified by the 01-24 parent. The upper 
class included all strains with 26 percent infection or more. There 
were only 20 of the 307 progeny rows that smutted above that amount. 
, This was almost the exact number expected to conform to the Dicklow 
No. 3 genotype. Infection in the progeny included in tliis group ranged 
from 27.1 to 56 percent and averaged 37.05. This is about what would 
be expected of plants having a genetic make-up equivalent to Dicklow 
No. 3, For this reason all strams with 26-i)ercent infection or over were 
considered as one class. This classification gave a phenotypic ratio 
of 12: 3 :'l. Table 11 shows the goodness of fit obtained when the 
obserMBd data were compared with the above ratio. It ie evident 
11 that the goodness of fit was again satisfactoiy. 
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Table ll.—Goodriess of fit obtained from the breeding behavior in F 3 in regard to 
loose-emut resistance in the Hope X Dicklow No. 3 cross^ based 07i a 12:3:1 ratio^ 


Smut (percent) 

! 

Number of progeny 

Observed 

Calculated 

to 12.9 -- -- -.. 

13 to 25 9 - - - - - - . 

Above 26 

236 

50 

20 

230.2 
57 6 
19.2 


1,2169 
0.5-0 7 


In the Preston / 01 -24 cross all the factors common to Hope are 
involved. However, the ^ 2^2 factor is present in both parents; as a 
result, this factor appears in a homozygous dominant condition in 
all the genotypes obtained from the cross. Data relative to this cross 
are shown in table 12. 

I’ABLE 12. —Possible F 2 genotypes^ the theoretical parental type^ the percentage oj 
infection, and the basis of classification of the Fzf as well as the phenotypic ratio 
in the Preston X 01-24 cross 



] 

Num¬ 
ber of 
each 


Actual 

I Fs classification 

(leuotyi)e 

Theoretical fiarentul type 

parental 
average 
infection i 

Class in¬ 
terval 

Aver¬ 
age in¬ 
fection" 

Pheno¬ 

typic 

ratio 

HiHi lUHi RiHz 
fiiHt 

Bin R 2 H 2 BiBi - 
Bin B 2 B 2 Bin . 

1 

2 

2 

4 

1 

>Uope 

Percent 

0 

Percent 

0 13 9 

Percent 
5 8 

■ 

Total - 

9 





12 

BiHi BiB'i Tin \ 

Bin B 2 B 2 nn 

1 

2 

jPrehtoii 

! 1 6 

1 

1 

_ 



Total 

3 


! 




rifi BiBi BiBi . 

TiTi BiBi BiTi 

1 

2 

|oi-24 - - . 

18. 6 

14-27 9 

16 9 

3 

Total , - 

3 






nriBiBinn -- 

1 

Intermediate^' (01-24 and Dick¬ 
low No 3.) 


‘ 28-41 9 

32 0 

1 


« Average of the class and not the mid point 

Not as resistant as 01-24 hut more resistant than Dicklow No. 3, somewhere between 18 5 and 38,6 
percent. 


PRESTON X 01-24 

In conformity with the two previously discussed crosses, no dis¬ 
tinction was drawn between the genotypes resembling the Hope 
parent and those resembling the Preston parent, because the range of 
smut allowed by each came within the range of the class interval. 
Thus, twelve sixty-fourths of the progeny rows were included in the 
first phenotypic group. The second group, ranging in infection from 
14 to 27.9 percent, was made up of the genotypes resembling the 
01-24 parent. Only 10 of the 307 Fa rows smutted above 28 percent. 
These ranged in infection from 28 to 39 percent, with an average of 
32, which IS about as expected since the genotype of this phenotypic 
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class carries the BiBz factor, vrhich should make it an intermediate 
(01-24 and Didklow No. 3) type. From this classification a 12: 3 : 1 
ratio was expected; the goodness of fit obtained when the observed 
was compared with this ratio is shown in table 13. 

Table 13 .—Goodness of fit obtained from the breeding behavior in F, in regard to 
loose-smut resistance in the Preston X 01-Si cross based on a IS : S : 1 ratio 


Hmut (|ier(«nt) 


0 to 13.9 . 

14 to 27.9 . . 
Above 28 . . 


X««4.7092. 
P-0.05~0 1. 


Number of progeny 


Observed 


237 

60 

10 


Oaloulaled 


2:^) 2 

57 6 
19 2 


It is evident from table 13 that while the fit is not exceptionally 
good, nevertheless it is within the lower limits of probability usually 
set (0.05). 

FACTORIAL RELATIONSHIP OP THE VARIOUS CROSSES 

The fact that the same factors for resistance were assumed to be 
involved in all tliree crosses su^ests that the progeny of similar 
genetic constitution obtained from the various crosses ought to give 
a similar reaction to the inoculum. This relationship is also shown 
in tables 8, 10, and 12. Infection in the phenotypic class of 45 in 
the Hope X Federation cross (table 8 ) ranged from 0 to 14.9 percent, 
with an average of 6.9; the corresponding class of 12 in tlie Hope X 
Dicklow No. 3 cross (table 10) ranged in infection from 0 to 12.9 and 
averaged 6.7; and the class of 12 in the Preston X 01 24 cross (table 
12) ranged in infection from 0 to 13.9, with an average of 5.8. There 
is a ramer close agreement in the mean percentages of infection in 
the three crosses for the lower class. The Preston x 01-24 cross 
should show a lower mean infection in the lower class because there 
were no intermediate (Preston arid 01-24) types present. These 
t^es appearing in the other two crosses should be more susceptible 
than the Preston type. It will be noted (table 8, 10, and 12) that 
the average percentage of infection for the lower phenotypic group 
in all three crosses is slightly higher than for the Preston parent, which 
is most typical of the geno^{>es included in this class. This is to 
be expected in the Hope x Federation and the Hope x Dicklow No. 
3, crosses, however, because the class interval is extended beyond that 
for Preston, and, therefore, includes intermediate (Preston and 01-24) 
types, which would be more susceptible than Preston; this would 
account for the higher average. The average of the lower class in 
the Preston x 01-24 cross is higher than expected. However, this 
does not appear especially serious as the same exactness in a study of 
disease resistance cannot be expected as in a study of morphological 
characters. This discrepancy may be due to any one or to a com¬ 
bination of the four following conditions: 

(1) TUe heterozygous condition of some of tlie genotypes, which 
maj allow for more infection than the homozygous, since dominance 
is ii0.ooniplete. 
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(2) The effect of modifying factors. 

(3) The differential infection in parent and in F 3 progeny due to 
slight differences in the stage of inoculation. Although instructions 
were given to inoculate both parent and progeny before or soon after 
the anthers had shed their pollen (inoculations at later stages appears 
to reduce materially the amount of infection), it might have been pos¬ 
sible that a number of Preston spikes were inoculated somewhat later, 
when the kernels were partly formed. This would lower the average 
percentage of infection of Pre.ston. In tliis connection it might be 
well to mention that in 1933 Preston showed 9.5 percent of infection 
when inoculated with the same smut. It is not. known whether this 
was due to differences in stages of inoculation or to soil and climatic 
differences. 

(4) It is possible that one of the parents, especially Preston, was a 
mixed population. Therefore, the pure line of Preslon used in this 
cro.ss may have been slightly more susceptible than the average for 
the variety. This would necessitate a slight change in the genetic 
constitution of Preston from RiRiRiR^r^ri to one of a type RiR,r 2 r 2 
R 2 R 2 since the R^R^ factor allows more infection than the R 2 R 2 factor. 
One would now expect the theoretical average of the first class to be 
considerably above 1.6 percent. 

In view of these various possibilities, it appears desirable to leave 
the genetic composition of the varieties as shown in table 6 . 

The average percentage of infection for genotypes similar to 01-24 
and Dicklow' No. 3, in all crosses was within a few percent of these 
parental types (tables 8 , 10 , and 12 ). In the Hope X Federation 
cross (table 8 ) the 45 progeny observed in the upper class had an 
average of infection low'cr than that of the Federation parent, 
although they were within the range of the Federation; with the few 
progeny rows the differences may be due purely to error in sampling. 
In the Hope X Dicklow No. 3 cross no types were recovered with any 
higher range of infection than that of the Dicklow No. 3 parent. 
The 20 rows falling in this class had an average infection of 37.1 as 
compared with 38.5 for Dicklow No. 3. The Preston X 01-24 cross 
gave no genotypes which did not carry the R 2 R 2 factor; hence, the 
highest infection expected was somewdiere between the range of the 
parerjtal varieties 01-24 and Dicklow No. 3. This would he some¬ 
where between 18.6 and 38.5 percent. The average actually obtained 
for this class was 32 percent (table 12 ). In general, it appears as 
though the genotypes recovered from the various crosses correspond¬ 
ing to the parental types react to loose smut similarly to the parental 
types used and as though the similar genotypes recurring in the differ¬ 
ent. crosses behave in a similar manner, 

STUDIES ON THE INHERITANCE OF MORPHOLOGICAL CHARACTERS AND THEIR 
RELATION TO RESISTANCE TO LOOSE SMUT 

Inheritance of Morphological Characters 

The primary purpose in obtaining the breeding behavior of the 
awns, cnaff, and kernel color was to determine whether or not there 
was any relationship between any of these morphological characters 
and disease resistance. The knowledge of such a relationship, if it 
did exist, .would be of great value to the plant breeder. 
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Hope x Dickeow No, 3 and Preston X 01-24 Crosses. —The 
awn inheritance of Hope X Dioklow No. 3 and of Preston X 01-24 



FiovttV ftwns in the Hope X Dicklow No. 8 and Preston 01-24 oroases: A, Short, apica 

and.01-24: B, short, fpical awns of the Fj; C, fully awned spikes common 
to Hope and to Preston; B, E, F, awn classes found in F* 

C 10 BB 6 S was similar. In both crosses one of the parents was fully 
awii^j while the other parent had short; apical awns. The awns of 
the plants were of intermediate length; although they resembled 
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more closely the short-awned parent. Both parental types and a 
group of intermediates were recovered in the F 2 of each cross. The 
intermediates segregated in Fj; thus three distinct awn classes were 



Fiourk S.-^lnberltanoe of awns in the Hope X Federation cross: -4, Federation; B, Fi; C\ Hope; D, E, F, 

(?, awn classes found in F^ 


obtained: (1) Short, apical awns, such as those in the Dicklow 
No. 3, and the 01-24 parents; (2) segregating types; and (3) fullv 
awned ^cimens like the Hope and Preston parents. The parental, 
Fi and F* types are shown in figure 4. Table 14 shows the observed 
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and calculated numbers falling in each class and the goodness of fit 
based on a 1:2:1 ratio. It is apparent from table 14 that a good fit 
was obtained in both crosses. 

Table 14.—Fj breeding behavior of awna in the Hope X Lhcklow No, 3 and the 
Preston X 01-34 crosses^ and the goodness of fit based on a 1:3:1 ratio 


Parent • 


Hope (AABB) X Dicklow No 3 
(uaBB) 

Preston (AABB) X 01-24 (aaBB) 


Class 


Short apical aims 
Segregating- . > 
Fully awned 
Short apical awns 
Segregating . . 
Fully awnod. 


Observed 

Caltnilated 

X* 

P 

82 

76 7 


0 7-0 8 

ISO j 

153 3 

6.4890 j 


7fi 

76.7 

. * 

- 

78 

76,7 



158 

153 4 

” 5835 

'.7- 8 

71 

76 7 

1__ __ 



« Awnedness was arbitrarily chosen to be represented by the dominant characters, awnleaaness might 
just as appropriately be ‘lo designated 


Hope x Federation (^hoss. —The inheritance of awns in the 
Hope X Federation cross was quite different from that in the Hope x 
Di^low No. 3 and Preston X 01-24 crosses just discussed. The Fi 
in the Hope x Federation cross was intermeoiate in inheritance but 
again resembled most closely the awnless parent. The parental types, 
the F|, and the true-breeding Fs types of the Hope x Federation cross 
are shown in figure r>. Besides the four homozygous types shown, 
there were five segregating classes of progeny: (1) Those segregating 
for awn classes 1 and 2; (2) those segregating for awn classes 1,2, and 3; 
(3) those segregating for awn classes 1, 2, 3, and 4; (4) those segregat¬ 
ing for awn classes 2,3, and 4; and (5) those segregating for awn classes 
3 and 4. There were, therefore, nine genotypic classes into which the 
Fa progenies were classified. This breeding behavior suggested a two- 
factor difference with independent segregation. The relation of the 
observed to the calculated based on a two-factor difference and the 
closeness of fit to a 1:2:2:4:1:2:1 ;2:1 ratio is shown in table 15. It 
is evident from this table that a good fit was obtained. 


Table 15 .—Breeding behavior of awns in the Hope X Federation cross and the 
goodness of Jit to a 1: ratio 


Fa breeding behavior 

Observed 

Calculated 


P 

True breeding 4 

Segregating 3,4 . - . 

Segregating 2,3,4 , . 

Segregating l, 2,3,4 

True breeding 3 

TmeSwSfing 2! - . « T*.. . . 

Segregating 1,2 , . . . - - . . 

True breeding 1 . 

15 
20 
25 
50 

16 

25 
14 

26 
16 

ooooooooo 

3 ,3077 

0 90 0 95 


KERNEL COLOR 

Kernel-color inheritance was involved in all three crosses. The Fi 
plants all had red grain and segregation took place in F«. 

Hopb X Froebation and Hope X Dickeow No. Crosses. —The 
proMrtio& of white to red kernels in the Fj in the Hope X Federation 
and Hope X Dicklow No, 3 suggested a three-factoi' difference, with 
eadi*factor either alone or in combination expressing the character. 
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In the Hope X Dicklow No. 3 cross 5 plants out of 307 had white 
grain; it was assumed to be similar to the Hope x Federation cro&, 
which had 4 white-kemeled plants out of 206 Fa’s. Therefore, the 
Hope X Dicklow No. 3 cross was not studied for grain color in the F 3 . 

Studies made on the inheritance of kernel color in F 3 in the Hope X 
Federation cross behaved as would be expected from a study of the 
Fj data. With a three-factor difference, the F 3 should theoretically 
segregate into 5 classes, giving a 37 ; 12 : 8 : 6 : 1 ratio. The five 
classes into which the Fs’s were classified, based on kernel color, are 
shown in table 16. In this table is also shown the observed number 
in each class which were fitted to a 37 : 12 : 8 ; 6 : 1 ratio with a 
good fit resulting, as shown by the x* test. 

Table 16.~ -Breeding behavior for grain color in the Hope X Federation cross and 
the goodness of fit based on a S7 :12 : 8 : 6 : 1 ratio 


Class 


Tme-breedlnp red.. . . 
SeRregatiug 15i. . _ 
Sogregatlng 63 L. 
Segregating 3 1. 
True-breeding white.. . 



Number of progeny 


P 

Observed 

Calculated 


122 

118 4 




36 

38.4 




23 

25 6 

0. 7941 

0 9-0 95 

. 

21 

19 2 



.. 

4 

3 2 

1 




Preston >< 01-24 Cross. —Kernel-color studies in the Fj generation 
in the Preston X 01 -24 cross suggested a single-factor difference. 
The segregation in F., substantiated the results of the findings in the 
previous generation. Three classes were observed in F 3 . The pro¬ 
portion of the F 3 rows falling in each of these classes is shown in 
table 17. The x*' test shows a good fit to the expected 1 : 2:1 ratio. 

Table 17. -Breeding behavior for gram color in the Preston X 0J-2i cross and the 
goodness of fit based on a t : 2 : 1 ratio 



Number of progeny 

[ 


Class 

- .. 

— -.- 

X» 

P 


Observed 

Calculated 



True-breeding white... - -- - 

82 

76 7 

1 


Segregating. 

True-breeding red-.- - . 

149 

76 


[ 0 5039 

0 7-0.8 


OLUME COLOR 

Hope x Federation and Preston X 01-24.—The F 2 data on the 
two crosses, Hope X Federation and Preston x 01-24, indicated that 
in each case there was a single-factor difference for chaff color. In 
the Hope X Dicklow No. 3 cross both parents had white chaff, and 
thus no segregation occurred. Table 18 shows the F 3 breeding 
behavior of the two crosses for chaff color and the goodness of fit 
based on a 1 : 2 :1 ratio. The x* test shows a good fit in both crosses. 

6M77-34-e 
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Table 18. —Breeding behavior for glume color in the Hope X Federation and Preston 
r X OI-B 4 crosses and the goodness of fit based on a 1 : 2 :1 ratio 


Parent 

Class 

Number of progeny 

Observed Calculated 


P 

Hope X Federation. 

Preston XOl-24. 

(True-breedinR white_ 

{Segregating.. 

(True-breeding bron*e_ 

I True-breeding white- 

iTru^reeding bronte. 

56 

90 

52 

1 76 

149 
82 

51.7 

103.4 

51.7 
7«,7 

153.4 

70.7 

0. 7032 

,49^ 

6.7^. 8 

. 7-^. 8 


Relation of Morphological Characters and Resistance to Loose Smut 

In order to determine whether a relationship exists between 
morphological characters and resistance to loose smut, a series of 
contingency tables was prepared showing a comparison of the reaction 
to smut infection and morphological characters. A measure of the 
relationship between the distribution of the two characters being 
compared may be obtained by calculating ^ind determining the 
value of P from Fisher^s (S) tables. Table 19 shows the distributions 
and the probability obtained in each case. Table 20 gives a sum¬ 
mary of all comparisons. In interpreting results it is safe to assume 
that if the value of P for any given distribution is higher than 0.05, 
there is no evidence of signifeant correlation between the characters 
being considered. 


Table 19. —Contingency table for grain color, chaff color, and awns and smut 
classes as occurring in the Fz progeny of various crosses 

GRAIN COLOR AND SMUT CLASSES IN PRESTON X 01-24 CROSS 



GRAIN COLOR AND SMUT CLASSES IN THE HOPE X FEDERATION CROSS 


Oto 14.9-. ... - - - 

1 

51 

82 

134 



16 to 29.9. 

2 

15 

24 

41 



30 to 44.9 . 

1 

7 

0 

14 


1 - 

45 to 59.9-*- . .. _ 

0 

5 

8 

13 

6.4055 

0 6-0.7 

00 to 74.9. 

0 

2 

3 

5 


' -1:: "" 

Total. 

4 

80 

, 123 

207 

. 



CHAFF COLOR AND SMUT CLASSES IN THE PRESTON X 01-24 CROSS 
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Table 19. —Contingency table for grain color^ chaff colorf and awns and smut 
classes as occurring in the progeny of various crosses —Continued 


CHAFF COLOR AND SMUT CLASSES IN THE HOPE X FEDERATION CROSS 


Smut (percent) 

1 

White 

Number c 

Segregat¬ 

ing 

\t progeny 

1 

Bronze 

Total 

X' 

P 

0 to 14 0 

38 

65 1 

20 

132 



15 to 20 0 

9 

24 

10 

43 



30 to 44 0 

6 

4 

4 

14 



45 to 50.0 _ . 

2 1 

5 

6 

13 


....... 

(K) to 74 0... ... . i 

1 

1 

1 3 




Total _ _ 

56 j 

00 

1 52 

207 

10 8810 

0. 2~0.3 


AWNS AND SMUT CLASSES IN THE PRESTON X 01-24 CROSS 




Number of progeny 


Smut (percent! 






No 1 

Se4!regal - 
ing 

No 4 

Total 

X* 


0 to 13 0 . 

62 

i2;i 

52 

237 


14 to 27 0 . 

14 

20 

17 

6(! 


28 to 41 0 . - 

•> 

1 

(i 

i 

10 


'PfUal . 

! 

j 78 

1 

158 

71 

307 

1 4106 


AWNS AND SMUT ('LASSES IN THE HOPE X DICKLOW NO. 3 CROSS 


Oto 12 0 

; 64 i 

113 

.50 i 

236 ! . 


13 to 25 0 . 

13 1 

26 i 

u : 

50 


26 to 55 0 . 

! 5 1 

n 1 

5 [ 

21 


Total 

. j 82 1 

iro 1 

1 

75 ' 

307 1 0 4486 i 

0 05 -0 08 

. „ 



_L 

1 1 



AWNS AND SMUT ('LASHES IN THE HOPE X FEDERATION CROSS 


Smut (percent) 


0 to 14 0 . 

15 to 29 0. 

30 to 44 0 _ . 
45 to 50 0 _ 

60 to 71.0_ 

Total .. 


No L 


4 

3 

1 

16 


Number of progeny 


No 2 


No 3 j No 4 1’otal 1 


0 

3 

•) 

16 


'SI 

II 

0 ! 


15 I 


61 


♦) 0854 


0 8-0 0 


Since the lewdest P value in table 20 is between 0.2 and 0.3, there 
seems to be no indicuition of relationship between resistance or sus¬ 
ceptibility and any of the morphologkal (*haracters studied. This 
is interesting in view of the fact that Fromme (5, 6') has reported 
that awned vai'ieties were more susceptible to loose smut than were 
awnless varieties. The question arises, Avas there any relationship 
between these tw^o characters from the standpoint of inheritance, 
or did it juvst happen that those awned varieties with which Fromme 
was dealing smutted more than the awnless? The studies herein 
reported indicate that there is no relationship between awms and 
susceptibWity or resistance; in fact, the awned varieties used in these 
studies were resistant, and the awnless were susceptible. 
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Table 20 .—Summary of the x*, cind P values as given in table 19 




Characters tested for relationship 


Hope X Federation. 

Preston X 01-24. 

Preston X 01-24. 

Hope X Federation.. 

Preston X 01-24.. 

Hope X Dicklow No. 3. 

Hope X Federation.-.. 


Grain color and smut reactlon. 

- ..do..... 

Chaff color and smut reaction.. 

-- -do. 

Awns and smut reaction.. 

.- -do ... 

- - do. 


6.4056 
.6489 
2.1727 
10.8819 
1.4196 
.4486 
6 9854 


0. 6 -0. 7 
.2 - .3 
.7 - .8 
.2 - .3 
. 8 - , 9 
.96- 98 
,8 - .9 


SUMMARY 

Genetic studies on the inheritance of loose-smut resistance, awns, 
grain color, and chaff color are reported for the Hope X Federation, 
H^e X Dicklow No. 3, and Preston X 01-24 crosses. 

The rela,tive effects of the time and method of inoculation as 
related to infection are also reported. Maximum infection was ob¬ 
tained only when the smut spores were placed directly on the stigmas. 
There appeared to be little or no difference in the amount of infection 
occurring when the plants were inoculated at the time the stamens 
were rather green and immature and when they were inoculated 
when the. plants were in bloom. In the inheritance studies on loose 
smut, trijilicato randomized plantings were made in two of the crosses 
and duplicate seedings in the other. This permitted a statistical 
study of the size of the experimental error. The analysis-of-vari- 
anee method was used in these studies from the error obtaihed in 
the various crosses, it was used to determine a difference which 
UMght be considered as significant, on the basis of a probablility of 
0.0.5 between two percentages of infection. The amount obtained 
was used as the class interval in determining the inheritance of 
resistance to loose smut.. The number of Fs rows falling within 
the various class intervals, along with the reaction of the parental 
material to the disease, formed the basis for the proposed factorial 
relationship. 

The genetic studies of awns and both kernel and chaff color were 
made in the usual way. The proppsed genetic composition of the 
parental material, for the characters studied, based on their behavior 
in the previoiisly mentioned crosses is given in table 21. 

There was no evidence in the studies made ol any relationship 
between the morphological characters ajid resistance to loose smut. ■ 

Table 21,— Proposed genetic composition of parental material for characters studied 

in crosses made 


Variety 

Loose smut 

Awns 

Kernel color 

Glume 

color 

Hope . 

Prestoil. 

RiRt RtRi R%Ri - . 

R\ iRi R'lR^ rar#-. .... . 

AA BB . 

AA BB . 

aa BB . 

KiKiKiKaKaKa . 

K\K\ ktki kika . 

90 

0% 

0% 

01-24.1 

rjfi RiR2 RfiRi .. . 

fif 1 T2i‘2 RaR$ ..- 

ktkt kfki kiki.^. __ 

Hieklow No. 3..... 

aa BB . 

kiki k^i kzka . . - 

Federation . 

riri nn ura .. 

aabh . 

kik\ kika kzka . 
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THE MANGANESE CONTENT OF GRASSES AND ALFALFA 
FROM GRAZED PLOTS ^ 

By Donald W. Bolin ^ 

Assistant chemist^ Idaho Agricultural Experiment Station 
INTRODUCTION 

The nutritive value of manganese and its occurrence in animal and 
plant tissue has received considerable attention within the last few 
years. The literature relating to manganese in plant tissue has been 
reviewed by Lindow and Peterson (60^ who reported analyses of 84 
samples representing the principal classes of human foods. In a later 
paper by Skinner and Peterson (/^), analyses of 54 feeding stuffs 
were given, which show a wide variation in the manganese content 
of plant material. Several other investigators (&, pp. 25-26) have 
contributed to the knowledge of the occurrence of manganese in foods 
and feeding stufls. 

In this paper is shown the manganese content of orchard grass 
{Dactylis glomerata L.), domestic rye (Secale cereale L.), tall oatgrass 
(Arrhenathenim elatim Beauv.), meadow fescue (Festuca elatior L.), 
timothy {Phleum pratense L.), Kentucky bluegrass {Poo fjratensis L.), 
redtop {Agrostis palustris Huds.), bromegrass (Brormif^ inermis)^ and 
alfalfa {Afedicago saliva L.). The samples used for analysis were 
collected from the experimental substation plots at Caldwell, Idaho. 
Just before the plots were grazed, samples from each were taken and 
sent to the laboratory for analysis. The samples weie then dried, 
ashed, and analyzed as described in the following paragraphs. 

METHODS OF ANALYSIS 

Since the anhydrous sodium carbonate fusion of the ash in biological 
material had shown increased recovery of calcium and magnesium 
(S, 8)j it was felt that the method might well be applied to the color¬ 
imetric deteimination of manganese. The simplicity of the method 
and its many advantages in manipulation recommended it as a rapid 
and accurate means of getting (‘omplete recovery of manganese in 
plant tissue. 

One to two grams of the air-dry material to be analyzed was 
weighed into a platinum dish and ashed overnight in an electric* muffle 
at 600® C. The ash was then fused with 3 g of anhydrous sodium 
carbonate. After cooling, the fused mass was placed in a 25()-cc 
beaker and covered with a watch glass. Distilled water w^as added 
in sufficient quantity to moisten the sample and then 15 cc of 20- 
percent sulphuric acid (by volume) was added. When the fused 
material was dissolved, it was washed from the platinum crucible with 

1 Received for publication Dee. 6,1933; issued June 1934 Research PajHjr No 111 of the Idaho Agricul • 
tural Experiment Station. Presented t)efore the eighty sixth meeting of the American Chemical Society 
at Chicago, 111., Septemlier 1933. 

» The author wishes to express his appreciation to Prof. Harry P Magnuson for providing the oppor¬ 
tunity for this study and for many helpful suggestions in the preparation of the pai)er. It is desired, also, 
to express appreciation to Reuben F. Johnson, superintendent of the Caldwell substation, for the collection 
of the grass samples. 

^ Reference is made by number (italic) to Literature Cited, p. 662. 
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a few cubic centimeters of 5-percent sulphuric acid. A few drops of 
15,-percent sodium bisulphite were added to the solution until all the 
manganese wa^ reduced to manganous stdphate. The solution was 
then boiled to expel excess sulphur dioxide, filtered, and the acid- 
insoluble residue washed with several small portions of 5-pcrcent 
sulphuric acid. 

To the filtrate was added approximately 0.3 g of potassium perio¬ 
date. The beaker was covered with a watch ^ass and its contents 
boiled for 5 minutes. The solution was allowed to stand for 1 hour 
at a temperature of 95° to 100° C. to insure complete oxidation of the 
manganese. The solution was then diluted to 90 to 95 cc with 5- 

S ercent sulphuric acid previously boiled with a little potassium perio- 
ate, and cooled to room temperature, the entire sample transferred 
to a 100-cc colorimetric tube and compared in a colorimeter with a 
standard manganese solution. A standard solution containing 0.0025 
mg of manganese per cubic centimeter was a satisfactory one to use. 

The chlorides were not removed from the samples; this step seemed 
unnecessary because of the small amount that is present in plant 
material. According to Willard and Greathouse (14), the presence 
of chlorides does not interfere with the final development of color, as 
the chlorides may be driven off by prolonging the time of oxidation 
and adding an excess of potassiiun periodate. Kichards (11) has 
shown that excess acidity prevents full development of color or causes 
it to fade. The acidity, therefore, was kept between 5 and 6 percent. 
In the large number of samples analyzed no fading of color was ob¬ 
served. It was possible to let the samples stand for several houre and 
check the first reading, provided they were kept free from the fumes 
in the laboratory. 

The marked agreement in the results of analyses of 1-g samples of 
the same grass (orchard grass), is shown in the following tabulation; 


Sample no.- 

1 . 

2 . 

3.. 

4 _ 

5 _ 

6 . 

7.— 

8 _ 


Manganese {milligrams 
per kilogram) 

. .- 177. 7 


Average_-___,___ 178. S- 

As a further test of the method, known quantities of manganese were 
added to samples of air-dry timothy hay, and recovery determinations 
were then made. Table 1 shows that excellent recovery was obtained, 
considering the fact that a very small quantity of manganese was 
added as compared with that present in the sample. The difference 
, in recovery of manganese was well within the experimental error of 
the colorimeter. 
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Table 1. —Recovery of known quantities of manganese added as manganese sulphate 
to 2 grams of air-dry timothy hay 


Manganese 

added 

(milUgratu) 


0 026 
0 050 
0 015 


Total 

Man¬ 

Added 


Manganese 

added 

(milligram) 

Total 

Man¬ 

Added 


man* 

ganese 

man¬ 

llecov- 

man¬ 

ganese 

man¬ 

Recov¬ 

gaiiestO 

in gTfias 

ganese 

ery 

ganese 

In grass 

ganese 

ery 

found 

taken 

found 


found 

taken 

found 


Milli¬ 

MiUt- 

Millt- 



unit- 

Milli¬ 

Milli¬ 


gram 

gram 

gram 

Percent 


gram 

gram 

gram I 

Percent 

0 210 

0 1H26 

0 0275 

no 



0 2)0 

0 1825 

0 0276 ! 

92 

207 

1825 

0245 

98 

0 030 


.212 

.1825 

.0295 1 

98 

.20f) 

.1825 

.0235 

94 



.216 

.1825 

0326 

108 

232 

1825 

.0495 

99 



.205 

1825 

.0226 

112 

.210 

1825 

0475 

95 

0 020 


200 

1826 

0176 

87 

236 

. 1825 

.0525 

105 



203 

. 1825 

0206 

102 

197 

1825 

0145 

97 



215 

. 1826 

0325 

93 

.195 

.1825 

0125 

83 

0 035 . . . . 


.218 ] 

.1825 

,0365 

101 

195 

1825 

0125 

83 



1 220 

. 1825 

.0375 

107 


A (‘oraparison of the percentage recovery of manganese by the 
sodinm carbonate fusion method, by the hydrofluoric-sulphuric acid 
digestion method (/), and by the official method (5) is presented in 
table 2. The hydrofluoric-sulphuric acid digestion method was used 
as a base of 100-percent recovery to facilitate the comparison. It 
will be observed that the results obtained by the anhydrous sodium 
carbonate fusion method showed very good agreement with those 
obtained by the hydrofluoric-sulphuric acid digestion method, but 
the recovery of manganese ranged from 1.1 to 35 percent lower by the 
official metliod than by the other two methods. The sodium car¬ 
bonate fusion method has been used in a large number of analyses of 
plant material and has given very satisfactory results. 

Table 2 - Comparison of the 3 different methods used for the analysis of manganese 

in 7 grasses 


(hass 

H>droflu- 
onc-sul 
func acid 
digestion of 
plant ash 

Sodium car¬ 
bonate fus¬ 
ion of plant 
ash 

1 

OOuial 

method 

Sodiuui 

carbonate 

fusion 

lljdro- 
fluunc acid 
digestion 

Official 

method 

Hydro¬ 
fluoric acid 
digestion 

Orchard grass.. 

Mg pir kg 

Mg per kg 

Mg pt r kg 

Percent 

Ptnent 

m 

160 

122 

100 0 

SI 3 

Domestic rye , 

122 

120 

102 

98 .1 

83 6 

Tall oatgrass . 

110 

111 

94 

100 9 

86 4 

Meadow fescue 

105 

107 

% 

101 9 

86 7 

Kentuck> bluegrass . 

77 

76 

t)t 

98 7 

81 1 

Bromegrass 

160 

1.52 

110 

101 3 

73 3 

Redtop 

230 

228 

160 

99 1 

05 2 


P]XPERIMENTAL PLOTS 

The soil used for the experimental plots is a Boise sandy loam. It, 
is described (4, p- 4^^) as a 

.... grayish-colored light aaiidy loam, with a soft, ashy feel, carrying a large 
amount of silt and having an average depth of about 2 feet. The subsoil of this 
type south of Boise River is a loam or clay loam which has an average depth of 
about 18 to 24 inches. This in turn is underlain usually with a sandy loam, but 
sometimes with sand, generally cemented together with calcium carbonate, 
forming a hardpan. 



660 


Journal of Agricultural Research 


Vol 48,00 7 


In the late summer of 1930 one area of a Held was fenced and divided 
into 9 plots Thpse plots were about 25 feet wide and 20 rods long, 
the length of the plots being parallel to the slope of the field. All the 
plots had uniform drainage, slope, and irrigation. Prior to the experi¬ 
mental work the followmg crops had been grown on this soil: In 
1921, com; in 1922 and 1923, barley; in 1924 and 1926, wheat; and 
in 1926 to 1930, alfalfa 

The plots were grazed according to good pasture practice. Every 
2 weeks during the grazing season dairy heifers were allowed to 
graze on the plots for 1 to 3 days. After the stock had been removed, 
the plots were irrigated, but no fertilizer was applied to any of them 
during the experiment. 

Since the plots were grazed instead of clipped, definite yield data 
were not obtained. However, the approximate height of each variety 
of grass was determined at the time the sai|[q>le was taken for analysis, 
that is, just before the heifers were adhiitted to the plots every 2 
weeks throughout the grazing season The fastest growing grass, tall 
oatgrass, averaged 6 4 inches in height; orchard grass, 3 6 inches, 
bromegrass, meadow fescue, red top, timothy, and domestic rye, 
averaged 2.6 inches Kentucky bluegrass, the slowest growing grass, 
averaged 1.9 inches Alfalfa averaged 5 5 inches All the grasses, 
and the alfalfa, grew more rapidly in the earl> part of the season 

A representative sample of soil from each of the jilots was taken 
during the grazing season and analyzed for nianganese and calcium 
carbonate, and the pH values were determined The manganese 
was determined as described in the official methods (7) Calcium 
carbonate was determined by the Puri method (10) and the pH values 
by the hydrogen-electrode method. The soils of all the plots were 
uniform in manganese and calcium carbonate and in pH values 
(table 3) , 

Table 3 - pH and percentage of manganese and calcium carbonate of the soil of 9 

pasture plots 




(^al- 




Cal 


Plot planted in 

Man¬ 
ganese j 

duin 

carbon 

pH 

« Plot phnted in 

Man 

ganese 

tiuin 
cat bon 

pH 



ate 




ate 



Percent 

Percent 



Percent 

Percent 


Orcliard griiss 

0 0706 

1 00 

7 86 

Bromegrass 

0 0715 ' 

0 75 

7 90 

Dorae'itit rye 

0710 

75 

7 

Redtop 

071 J 1 

76 

7 86 

Tall oatgra*^*? 

1 0736 

75 

, 7 86 

Alfalfa 

0712 

75 

7 72 

Mea^low fescue 

! 0703 

76 

7 66 


— 

—» — 

.—■ 

Timothy 

Kentucky bluegrass 

.0711 
, .0707 

75 

76 

7 66 

7 86 

Average 

07123 

777 

7 72 


RESULTS OF ANALYSIS 

Table 4 presents the analyses of samples of orchard grass, domestic 
rye, tall oatgrass, meadow fescue, timothy, Kentucky bluegrass, 
bromegrass, redtop, and alfalfa, taken throughout the grazing season. 
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TabLiE 4 .—Manganeae content {milligram per kilogram of grass on oven-dry basis) 
of 8 varieties of grasses and 1 alfalfa^ grown under grazing conditions 


Date taken 

Or- 

ehanl 

pra.'is 

Domes¬ 
tic rye 

Tall 

oat- 

Krass 

Mead¬ 

ow 

fescue 

Timo¬ 

thy 

Ken¬ 

tucky 

blue- 

Krass 

Brome 

Krass 

Hed- 

top 

Alfalfa 

m2 

June 6__ .. ... 

m 

197 

106 

174 

86 

69 

172 

188 

61 

June 20. 

240 

130 

81 

127 

86 

77 

172 

PI 

41 

July 4 __ . 

2t‘2 

14.6 

91 

160 

97 

70 

166 

161 

39 

July 18. 

240 

120 

90 

149 

97 

76 

172 

214 

49 

Auk 1. 

214 

86 

90 

1.64 

106 

107 

134 

214 

40 

Auk. 16_ -- 

170 

97 

82 

184 

1.60 

83 

134 

161 

47 

Auk. 29-.... . 

214 

97 

10.6 

176 

1.30 

73 1 

134 

177 

47 

Sept. 11— .. 

t.W 

90 

121 

1.64 i 

130 

7.5 

107 

161 

47 

Sept 26. -__ 

166 

12:1 

126 

no i 

142 

80 1 

1.62 

244 

48 

OK 11- - — . . 

114 

136 

113 

124 

120 

72 

203 

240 

47 

A\ erase- , - 

207. 5 

121.9 

100.4 

161 2 

114 4 

78.1 

164.6 

192.1 

46.6 


Wide variations are sliown in tin* manganese content of samples of 
a single variety of grass taken on different dates. In spite of this, 
certain grasses showed a relatively higher manganese content than 
otheis. Orchard grass had the higliest average manganese content of 
all the grasses. in order came redtop, bromegrass, meadow 

fescue, domestic rye, timothy, tall oatgrass, and Kentucky bluegrass. 

Alfalfa had a lower manganese content than any of the grasses. 
Since comparative yield data were lacking, it was impossible to com- 
[)are the total amount of manganese recovered by alfalfa wdth the 
total amount recovered by the grasses. A rapid-growing and high- 
yielding species like alfalfa, although low^ in manganese, w^ould show’ a 
relatively high total recovery of manganese for tlie season. 

Since the soils of the nine plots showed a uniform manganese con¬ 
tent, and since all the plots had received the same treatment, it w ould 
seem that the difference in manganese content in the eight varieties of 
grasses was not due to the difference in manganese content of the soil 
or to a difference in soil conditions. Moreover, no correlation was 
found between the rate of growth of the eight grasses and their man¬ 
ganese content, nor between the rate of growth of a single variety of 
grass and its manganese content. It was concluded, therefore, that 
the diflerence in manganese content in the eight grasses was due to the 
difference in the capa(uty of the grasses for extracting manganese 
from the soil. 

As a chock on the foregoing conclusion the w riter calculated, from 
the field data of Wiggans (13), the total amount of manganese re- 
(X)vered by seven of the grasses used in this experiment. Wiggans 
gives the average yield over a 4-year period of several grasses cut as 
pasture. His yield data, compiled by Ellenberger, Newlander, and 
Jones (3, p. 6*), give the yield in pounds of dry matter per acre, as 
follows: Timothy, 1,454 pounds; redtop, 1,557 pounds; meadow fescue,* 
1,665 pounds; orchard grass, 1,711 pounds; Kentucky bluegrass, 1,387 
pounds; bromegrass, 1,690 pounds; tall oatgrass, 2,044 pounds. 

The total amount of manganese recoverea for each grass in pounds 
per acre, based upon the preceding yield data, was as follows: Orchard 
grass, 0.0355 pound; redtop, 0.0299 pound; bromegrass, 0.0262 pound; 
meadow fescue, 0.0252 pound; tall oatgrass, 0.0205 pound; timothy, 
0.0166 pound; and Kentucky blue grass, 0.0109 pound. With the 
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exception of tall oatgrass, there was a close correlation between the 
total amount of manganese recovered by the grasses during the graz¬ 
ing season and their manganese content. The exception of tall oat¬ 
grass was to be expected, as this was one of the fastest growing and 
largest yielding grasses. 

Since complete information on the manganese requirements of 
animals, and on the effect of an excess or deficiency of manganese in 
grasses is not available, it is impossible to determine to what extent 
the feeding value of the pasture is affected by its manganese content. 
It is clearfy shown from the data presented, however, that the man¬ 
ganese content of pasture may be increased by growing such grasses 
as orchard grass, redtop, bromegrass, and meadow fescue. 

SUMMARY 

A new method for the determination of manganese in plant mate¬ 
rial by the fusion of the plant ash with anhydrous sodium carbonate is 
presented. This method gives a greater recovery of manganese than 
IS obtained by the official methods. 

The manganese content of eight grasses is shown. 'Fhe average 
manganese content (dry basis) ranged from 207.5 mg per kilopam for 
orchard grass to 78.1 mg per kilogram for Kentucky bluegrass. 
Alfalfa, with an average of 46.0 mg per kilogiam was lower in man¬ 
ganese than any of the grasses. 

The eight grasses varied markedly in theii capacity to extract 
manganese from the soil. 
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PLANT-TISSUE RELATIONS OF THE SUGAR-BEET 
CURLY-TOP VIRUS* 

By C. W. Bennett 

Pathologist^ Division of Sugar Plant Investigations^ Bureau of Plant Industryy 
United States Department of Agriculture 

INTRODUCTION 

The distribution of virus in different organs of affected plants 
received attention from some of the pioneer investigators in the field 
of plant virus diseases. More recently, consideration has been given 
to tlie tissues that may be concerned in the increase and distri¬ 
bution of virus in the plant and to the production of primary and sec¬ 
ondary pathologic symptoms. Enough evidence has been accumulated 
to indicate a wide range of variability among viruses in their relation 
to various tissues of affected plants. 

The virus of true tobacco mosaic furnishes one of the best examples 
of rapid and extensive invasion of tissues. It seems to have a general 
systemic distribution in tobacco {NicotiarM tabaeum L.) and probably 
invades nearly all the living cells of the plant. Certain other viruses 
have a more limited distribution and seem able to invade only specific 
tissues or parts. For example, it is doubtful whether the curl virus 
of ras[)berry {Ruhw frigosm Michx.) occurs in tissue other than 
phloem, and the virus of the phony disease of poach {Amygdahis 
persica L.) is known to be restricted to the root system in the peach, 
though distinct pathologic symptoms occur on the tops of affected 
plants. 

(^Considerable evidence, largely circumstantial, has been accumu¬ 
lated which indicates an intimate relationship between viruses and 
phloem tissue, and which may be summarized as follows: (1) In 
virus diseases, such as potato leaf roll and sugar-beet curly top, in 
.wl)ich necrotic areas are characteristic, necrosis is largely restricted 
to the phloem where it begins; (2) in certain virus diseases, notably 
tobacco mosaic, sugar-beet curly top, and maize streak, the rate of 
virus spread in the plant is best explained by assuming that the phloem 
is the main channel of movement; (3) it is believed by some worKers 
that most insect vectors habitually feed on vascular tissue, and this 
has been shown to be true in the case of the vector of sugarcane 
mosaic; (4) the virus of raspberry curl and that of two types of rasp¬ 
berry mosaic may be restricted in their movement through the plant 
by removing rings of bark. Furthermore, in curly top and certain 
other virus diseases the low percentage of infection obtained by arti¬ 
ficial methods of inoculation may be due to inability, with the rela¬ 
tively crude technic available, to place the virus in susceptible vascu¬ 
lar tissue without causing injury that inhibits development of the 

t Received for publication Oct. 16^ 1933; issued June, 1934. 
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virus. Some ,o{ the evidence indicates the possibility of complete 
restriction of virus to the phloem tissue in a few diseases, although it 
cannot be contended that this may prove to have a general application. 

The wide botanical range of plants affected by the curly-top virus 
offers possibilities for an extensive study of some of the relatmns of 
this virus to different plant tissues. Taking advant^e of this fact, 
experiments have been performed with a view to securing data on such 
problems as that of determining the tissues in which the virus must be 
placed to produce infection, the tissues on which the vector of the virus 
of curly top feeds, the tissues from which the virus may be recovered, 
and the channels and rate of dispersion of the virus in the plant. 

ARTIFICIAL INOCULATION 

Infection of sugar beets (Beta wlgaris L.) or of other plants sus¬ 
ceptible to curly top by other means than the feeding of leaf hoppers, 
Kutettix tendlus (Baker), has been obtained with difficulty and in only 
a very small perwntage of the plants inoculated. Severin (2Z) * 
induced infection in beets by making repeated punctures with insect 
pins into the crown through drops of expressed beet juice. Carsner 
and Stahl (8) were successful in obtaining infection in only a few of a 
large number of plants inoculated by artificial means, liana (11) in 
one experiment produced infection In 8 of 16 beet plants. In other 
trials m which beets, spinach (Spinacia deracea L.), and tomato 
(Lycopersicon esetdettimn Mill.) were inoculated, a low percentage of 
infection was obtained. 

An effective method of artificial transmission of curly top would 
facilitate materially the study of many of the problems presented by 
this disease and its causal agent. The results of artificial methods of 
inoculation, whether or not successful in jiroducing infection, should 
throw some light on the general question of the plant tissues in which 
the virus may multiply and from which it can exert its effects on the 
plant as a whole. With these points in mind, a number of methods of 
inoculation were tried, most of wliich are already in general use. 

The plants inoculated included si^ar beet, Hubbard squash (Cueur- 
bita marima Duchesne), Turkish tobacco (Nicotiana tabacum L.), and 
Black Valentine bean (Phaseolus wlgaris L.). Affected specimens of 
all these plants and also macerated beet leaf hoppers were used as 
sources of inoculum. Plants of various ages and conditions of growth 
were used with the different methods of inoculation. The experiments 
were made at Kiverside, Calif, j from 1929 to 1932. 

NEGATIVE RESULTS OP INOCimATIONS THROUGH XYLEM 

In the earlier experiments attempts were made to infect through the 
xylem elements of the vascular bundles. Twenty plants having roots 
approximately 1 inch in diameter were taken from the soil, the lower 
third of the main root was cut away, and the cut surface of the re¬ 
maining root was placed in centrifugalized juice from diseased beets. 
The plants were placed for 8 hours m a dry atmosphere, to increase 
transpiration, and were then transplanted to 6-inch pots. All re¬ 
mained healthy. 

* hjanmM it mads by wmber (ItaUc) to Lltentore Ottod j). 700 . 
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In a modification of the above experiment, 10 beets were trans¬ 
planted to 3-inch pots, a portion of the main root of each beet being 
allowed to project through the drainage hole at the bottom of the 
pot. The 3-inch pots were set on the surface of soil in 6-inch pots 
with the projecting root embedded in the soil of the larger pot. 
After the plants had become adjusted to this new condition the smaller 
pot, with the projecting root system, was carefully removed from the 
6-inch pot, and the exposed roots were washed free from soil and 
severely pruned. The 3-inch pots were then placed over containers 
so that the exposed part of the beet root was immersed in a liquid 
composed of 1 part juice from diseased beets and 3 parts tap water. 
Tlie soil in the pots was allowed to become quite dry, and the plants 
were placed in a dry atmosphere to increase the amount of inoculum 
taken up by the root system. After 48 hours the plants were removed 
and transplanted to G-inch pots. No disease developed in any of 
those plants. 

In a later experiment, 20 rapidly growing beets having a crown 
diameter of about 1 inch were used. A hole was bored through the 
crown by means of a small-size cork borer. Cilass tubing was inserted 
to a distance of about one fourth of an inch in each end of this hole. 
The beets were then joined in series by means of rubber tubing and 
connect(Ml to a liter flask containing ccntrifugalizod juice from diseased 
beets. A layer of heavy oil was poured over the surface of the beet 
juice in the flask to reclu(*e oxidation. A gravity flow of beet juice 
through the system was started, the juice being taken from near the 
bottom of the flask. The flow of beet juice was regulated to about 20 
drops per minute by means of a pinchcock at the distal end of the 
system. This volume of flow was continued for 48 hours, with a 
change to fresh beet juice every 12 hours. None of these plants 
developed signs of curly top. 

Ill the experiments described above it is reasonable to conclude 
that considerable beet juice was taken up by the tracheae of the 
inoculated plants and that this juice contained active virus. The 
failure to produce disease indicates that the curly-top \nrijs does not 
pass from tracheae into cells or tissues that permit it to become 
established and to initiate ])athologic symptoms. 

KKSULTS OP VARIOUS METHODS OP INOCULATION 

Many plants have been inoculated by other methods. These 
methods consisted of puncturing leaves, cotyledons, and (crowns of 
young plants through drops of inoculum by means ()f small needles; 
rubbing leaves with rolls of cheesecloth saturated with inoculum; and 
injecting inoculum into the hollow stems of squash and into the pith 
of tobacco by means of a hypodermic needle. 

Inoculum was prepared in the following ways: (1) Diseased plants 
were gi'ound in a meat chopper, the juice was expressed and centri- * 
fugalized, and the relatively clear liquid was decanted and used as 
inoculum; (2) viruliferous beet leaf hoppers were macerated in a small 
amount of water in a mortar and used as inoculum; (3) the surfaces of 
the crowns of diseased beets were cut away with a sharp knife and the 
exudate from the cut surface was collected and used as inoculum. 

The results of these inoculations are given in table 1. Centrif- 
ugalized juice from diseased plants proved to be a ve^ poor sodree 
of infectious material with the methods of inoculation employed. 
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Macerated leaf hoppers likewise were a poor source of infectious 
material, although the numb®- of plants inoculated was too small to 
justify final condusions. The best results were obtained from the use 
of exudate from the cut surface of diseased beets. With this material, 
14 of the 124 plants inoculated became infected. Although this is a 
low percentage of infection, it is so much higher than that obtained 
by the use of expressed juice that it is worthy of further trial. 

HOW THE BEET LEAF HOPPER FEEDS 

With few exceptions, insects that are important vectors of plant 
viruses have mouth parts adapted for sucking plant juices. The 
feeding habits of a considerable number of species of sucking insects 
have been studied by several investigators who have determined the 
relation of feeding punctures to specific tissues. These investigations 
have dealt predominantly with insects not associated with the spread 
of plant viruses, though several of the species cause severe injury to 
their host plants as a result of the introduction of toxic substances. 

Table 1. —Results of artificial inoculation of sugar beet, Turkish tobacco, Hubbard 
squash, and Black Valentine bean with virus from different sources 


Inoculum 


Juice of beet. 

Do. 

Do... 

Juice of Hubbard squash. 

Do,. 

Juice of Turkish tobacco.,.. 

Do. 

Do. 

Juice of Black Valentine bean — 

Crushed beet leaf hoptiers. 

Phloem exudate from beet. 


Plant inoculated 


Beet.. 

Hubbard squash. 

..,,do. 

Beet. 

-do. 

Turkish tobacco. 

..-do. 

Beet. 

Black Valentine bean. 

Beet. 

. ..do. 


Method of 
inocula¬ 
tion « 

Number of plants 

Inoculated 

Infected 

1 

80 

0 

12 

80 

0 

4 

20 

0 

2 

80 

0 

1 

80 

0 

2 

80 

0 

1 

20 

1 

1 

80 

0 

3 

BO 

0 

1 

80 

0 

3 

124 

14 


» Numbers in this column refer to the following methods of inoculation: Needle punctures into crown 
through drops of inoculum; 2, needle punctures into crown through diseased leaves; 3^ gentle rubbing of 
leaves with a roll of cheesecloth saturated with inoculum; 4, inocmlum injected into the hollow stem of 
squash or into the pith of tobacco by means of a hypodermic needle. 


Biisgen (6*), Davidson (/^), Horsfall (16), Kenneth M. Smith (25), 
and others have shown that aphids, which constitute by far the most 
important group of vectors of plant viruses, feed on the phloem 
tissues of the plants on which they live. Other sucking insects feed 
on parenchyma or vascular tissue or both, depending on the species. 
Leaf hoppers as a group, obtain food material from a number of 
tissues. Smith and Poos (24) found that jof 6 species studied 5 fed 
primarily on the mesophyll of the leaf and X on the phloem. 

In only a few ij^tdnc^ have careful studies been made of the feeding 
habits of insects in relation to transmission of plant viruses. Braudes 
(5) has shown that Aphis maidis Fitch, a vector of sugarcane mosaic, 
makes the phloem its primary objective. The stylets of this insect 
penetrate the epidermis directly, pass throi^h cells and ipteroellular 
spaces of the underlying tissues, and terminate in the phloem of a 
valvular bundle. Kenneth M. Snath (26) states that the species of 
apl^ tbat transmit potato leaf roll, as well as species that do not 
this disease, feed on the phloem. 
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No information has been published regarding the tissues from whidi 
the beet leaf hopper obtains its food supply. Observations on leaf 
hoppers caged on beets indicate that they prefer the veins. This 
preference is especially noticeable if the leaf hoppers are feeding on 
petioles. In the sugar-beet petiole there are normally five or more 
large veins and several smaller ones arranged in an arc beneath the 
convex surface. The larger veins are deep-seated. The smaller 
veins vary in this respect, but those in the acute angles of the petioles 
arc always very close to the surface. In feeding, leaf hoppers arrange 
themselves in greatest numbers along these angles as if seeking the 
smaller and more superficial veins. 

To supplement these observations on the feeding of the beet leaf 
hopper, more detailed investigations have been undertaken. This 
work has included a microscopic study of mouth parts inserted in the 
tissue, and similar studies of the feeding punctures in the beet petiole 
by means of freehand sections of fresh petioles and by means of 
embedded and stained material. 

In obtaining mouth parts fixed in feeding position, leaf hoppers 
after being starved overnight were placed on beet petioles and allowed 
to f(HHl until quiet. They were then subjected to a temperature of 
about 28® F. for several minutes or until they became inactive. A 
capillary pipette filled with ether was applied to the posterior end of 
the abdomen of each insect that remained undisturbed on the petiole. 
The etherized insects were covered with melted agar to fix them firmly 
in j)lac.e. I\)rtions of petiole with the agar-embedded loaf hoppers 
were killed and fixed in Schaffner^s chromo-acetic solution, and 
sectioned in the usual way. A very slight movement of the leaf 
hoppers before or during the killing and fixing processes resulted in 
I)aTtial or complete withdrawal of the stylets. Many leaf hoppers 
W(U'e found with stylets exserted from the labium but not inserted in the 
tissue, or only partly so. However, several leaf hoppers were satis¬ 
factorily fixed with the mouth parts apparently in normal relation to 
the plant tissue. 

In further studies leaf hoppers were allowed to feed from 12 to 24 
hours on petioles and were then removed. Some of the petioles were 
sectioned immediately; others were killed, embedded, sectioned, and 
stained. The line of puncture is quite evident in fresh material as 
wth as in stained sections. In penetrating the tissues the leaf hoppers 
form a sheath which completely encases the stylets. After the stylets 
are withdrawn this sheath remains and a definite line through the 
center marks tlie position of the stylets. In live petioles the sheath 
when first laid down is almost colorless but soon takes on a yellowish 
coloration which clearly differentiates it from the plant tissue. In 
prepared sections it takes a deep safranine stain with the safranine- 
Delafield's haematoxylin combination (fig. 1). 

A study of leaf-hopper mouth parts in feeding position in conjunc¬ 
tion with a study of numerous punctures in fresh and prepared material 
furnishes a complete picture of the relation of mouth parts to the 
various tissues of the plant during feeding. These studies have shown 
clearly that the leaf hopper is able to penetrate cell walls without 
difficulty (figs. 2 and 3). The line of puncture extends from the 
epidermis through and between cell walls of the subepidermal laye^, 
frequently to vascular bundles. The path of penetration usually is 
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straight and directed toward a vein. However, the path may be 
curved and frequently is branched near the tip (fig. 1, A) Apparently 
the stylets can be bent in only one direction at a time, but by partly 
withdrawing them and inserting them in another direction the leaf 
hopper is able to explore a considerable area Some trails curve 
toward a vascular bundle from an initial direction that would have 



FfGURi! 1, A-‘l' Path of feeding punctures of LitteUu lenellas m beet peti Jes ite»<ult<4 of probinK are 
shown in A and (hange of dfreet ion to reach vabcuiar bundles In J1 and C" \ puncture terminating m 
parenchyma u* n in F X 90 


terminated in parenchyma (fig. 1,0). Punctures made from the xylem 
side of the petiole usually veer away from the middle of the bundle 
and enter the phloem from one side A few instances of xylem invasion 
were noted in which copious quantities of exudate were deposited in 
the taicheao (fig 3). Whether this happened by chance or whether 
leal hoppers extract water or food from the xylem is difficult to 
detemilppie. However, the number of punctures terminating in the 
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phloem and the amount of probing sometimes done, apparently in 
order to locate the phloem, indicate that this is the tissue of primary 
importance in supplying food. 

One hundred punctures were counted and classified on the basis of 
the tissue in which they tenninated. Of these, 24 terminated in or 
near the phloem of small veins; 22 terminated in or near the pliloem 
of large veins; 46 terminated in parenchyma outside of the bundles 
but began from points from which bundles could have been reached. 



FiauiiK Z-'A-C, Cross sections of beet petioles. The stylets of KufHfU tenelim are einbeddwi in tlie t issue 
In the normal feeding jxisition. X UU. 


Only 8 trails were found in the parenchyma of the concave side of the 
petioles originating from points from which bundles could not have 
been reached. It should be stated thatlthe section from which these 
counts were made came from small petioles on which large numbers 
of leaf hoppers had fed. Larger petioles and smaller numbers of leaf 
hoppers might be expected to give different results and probal^ly 
would reduce the number of punctures terminating in the parenchyma 
outside of the bundles, many of which were very shallow and were 
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probably made Jay leaf hoppers disturbed before maximum penetra¬ 
tion had been effected. None of the punctures in the parenchyma was 
branch^ nor was there other evidence that the leaf hopper spent 
much time in exploring such areas. In view of these facts and of 
evidence to be presented later showing that the leaf hopper derives 
very little of the life-sustainii^ materials from parenchyma, it seems 
probable that in making these punctures the leaf hoppers were merely 
searcliing for a more desirable medium from which to extract fof)d. 

Several investigators have mentioned the sheath material found in 
the feeding punctures of sucking insects, but there is a lack of a^ee- 
ment as to whether the sheath material is of plant or of insect origin. 

Busgen {6) is of the opinion 
that the sheath laid down by 
the insects that he studied was 
composed of material excreted 
by the insect. Davidson {12) 
considers that the sheath wall 
of Aphis rurnieis L. is “com¬ 
posed of substances produced 
by the reaction of the saliva 
on the cell sap.” Horsfall 
(/6‘) found that the sheath in 
the feeding punctures left by 
certain aphids contains pro- 
teid mateiial and calcium 
pectate, and suggests that it is 
laid down by the plant cells in 
response to a wound stimulus 
though the proteid material 
may possibly be injected by 
the insect. King and Cook 
(17) suggest that the sheath 
produced by the sucking 
insects that they studied re¬ 
sults from the action of insect 
saliva on the middle lamella. 
F. F. Smith {2S) has shown 
that the sheath material in 
the punctures produced by 
the potato leaf hopper and the 
. , . , three-cornered alfalfa hopper 

IS largmy of insect origin and contains no plant substances with the 
possible exception of pectose. Brandes (5) states that the sheath laid 
down by A. maidis is composed of material given off by the insect. It is 
obvious that the sheathmaterial formed by Kwtettix tenellus is composed 
of material that ia given off by the leaf hopper itself. Tliis was demon¬ 
strated by a method similar to that described by Fife {I 4 ), which 
involved mounting a live leaf hopper under a microscope in such a 
position as to have the mouth parts inserted horizontally through a 
membrane into a liquid in the field of vision. In this position the 
insect m^ be washed in the process of forming a sheath* Many 
mdmdtiafe begin the discharge of a colorless material as soon as the 

membrane and continue as the stylets are 
farther into the medium. The discharge coagulates almost 
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iinmediately and forms a distinctly visible hyaline sheath around the 
stylets, wliich in thickness and general physical properties is similar 
to the sheath found in freehand and stained sections of the beet 
petiole. Withdrawal of the stylets leaves a very definite line marking 
their position. With repeated penetration and partial withdrawal of 
the stylets a considerable mass of exudate is built up in wliich stylet 
trails extending in many directions are visible. 

The materials deposited in the plant tissues by nonviruliferous leaf 
hoppers evidently cause very little injury to ttie plant as a whole, 
since a beet plant of average size will support a large leaf-hopper 
population for a considerable period with no marked ill effect. 

Further investigations w^ere made to determine the reaction of 
individual cells in different types of beet tissue to feeding punctures 
of nonviruliferous leaf hoppers. Large numbers of leaf hoppers were 
fed on beet petioles 24 hours and then removed. Microscopic exam¬ 
inations of freehand sections of these petioles were made daily for 10 
days and at r)-day intervals thereafter, the last examination being 
made 20 days after feeding. The sheaths w^ere at first hyaline but 
soon became 5 ^ellowush or yellowish brown. They maintained their 
original relations to the cells to a remarkable degree. By the tenth 
day, in some instances, the sheath material w^as displaced in some of 
the cells and had shrunken slightly. It was still present and easily 
traced, however, on the twentieth day. 

Wliere collenchyma wuis traversed, the yellowish color of the 
sheath was imi>arted to the thickened parts of the cell walls. This 
was true also of the cell w’alls of the bundle cap. Other cells in the 
path of punctures did not show this change in color of walls. Tiie 
large parenchyma (‘ells through which the slieaths passed reacted in 
different ways but all retained their turddity for 20 days after tlie 
punctures were made. Some remaineo apparently normal, (wen 
retaining normal-appearing chloroplasts along with sluuith material. 
Others had a distinctly granular protoplasmic structure and the 
nu(*leus in some cases was granular and irregular in outline. The 
cedis were apparently very rarely dead cvem after 20 days. The cell- 
wall discoloration in the collenchyma and bundle cap had almost 
completely disappeared after 15 days, and the vascular bundles 
seemed normal except for the sheath material remaining in tiie cells. 

Assuming that the phloem is at least the chief reservoir of virus and 
the place of most rapid multiplication, as stated previously by 
Brandes (5) in the case of Aphis man/is, it would be diiricult to imagine 
a mechanism more perfectly designed for virus extraction and intro¬ 
duction than that possessed by the beet leaf liopper. The laying 
down of a sheath around the mouth parts as tlmy penetrate probably 
effectually seals off all contents of cells external to the pliloem. The 
introduction of sheath material into the phloem insures the introduc-, 
tion of salivaiy secretions into this tissue and probably accounts for 
the introduction of virus. Tiiis virus is liberated into a medium rich 
in nutrients and in a tissue physically adapted for the rapid distribu¬ 
tion of inoculum to various parts of the plant, especially to the 
r^idiy growing areas. The same insect mechanism is equally 
eracient in rem()ving virus (iirectlv from the phloem without having 
tlie virus come in contact with cell contents of parenchyma tissue or 
with external agents. 
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TISSUES FROM WHICH THE LEAF HOPPER OBTAINS FOOD AND 
• EXTRACTS VIRUS 

Attempts were made to segregate certain types of beet tissue and 
to determine their virus content by testing the abiUty of leaf hoppers 
to obtain virus from them. These experiments have consisted chiefly 
of segregating parenchymatous tissues in different parts of the plant 
and comparu^ their virus content with adjacent tissues containing 
vascular bundles. Tissue in which there are no vacsular elements may 
be isolated from the ventral side of lai^e petioles, from the crown of 
lai«e beets, from the pith of the flowering stalk, and from seeds in an 
early stage of development. 

However, before accurate conclusions regarding the virus content 
of tissues from these various sources may be drawn from the results 

of leaf-hopper transmission 

■ experiments, it is necessary 

to know the effect of the 
tissues on the leaf hopper 
and the relative amounts of 
materials that theleaf hopper 
is able to extract from them. 
To throw some light on this 
problem, the mortality of the 
leaf hoppers having access to 
’ parenchyma tissue from each 
' of the sources just mentioned 
has been compared with the 
mortality of leaf hoppers 
having access to adjacent 
tissue containing vascular 
'0 1 2 3 < 5 6 7 8 9 io elements. The average 

DAvs length of life of leaf hoppers 

FiaDR«4.-MortaUty ofButettfefeneUiwondlllerenttypes on the different tissueS is 

of DQ6t tlSSUO &t w to 75^ Jr* llx* 

taken as a rough relative 
measure of the food and other materials obtained. 


FiGURK 4.—Mortality of JSutettiz teneUut on different types 
of beet tissue at 66" to 76" F. 


LEAP-HOPPER MORTALITY ON DIFFERENT TYPES OP BEET TISSUE 

Mortality tests were made in two separate experiments. In the 
first experiment, mortality of leaf hoppers having access to vascular 
tissue of petioles was compared with that of an equal number of leaf 
hoppers having access to parenchyma of the ventral side of petioles. 
The experiment was started with 10 petioles for each type of feeding, 
and 10 leaf hoppers were placed on each petiole. Fresh petioles were 
supphed every 48 hours. The petioUfs were covered with a thick 
coating of paraflhi, with strips of paraflin about one fourth of an inch 
wide and 3 inches long’removed to expose parenchyma tissue on the 
concave side in one series and vascular tissue along the acute angles of 
the jpetioles in another series. As a further check on these treatments, 
a tlutrd lot of 100 leaf hoppers was idaced in small Ci^es where they 
had access to tap water through a parchment membrane, and a fourth 
lot of lOO was placed in small cages without food or water. The 
®^eriment was run at relatively low temperatures (60®-75® F.) and 
discOB^ued at the end of 10 days. The results are shown graphically 
ih figure 
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All leaf hoppers receiving neither food nor water were dead at the 
end of the second day. The mortality curve of the lot receiving 
parenchyma is roughly parallel with that of the lot receiving tap 
water, although the death rate is slightly lower in the latter group; 
mortality reached 100 percent on the seventh and ninth days, respec¬ 
tively. The leaf hoppers having access to the vascular tissue thrived 
much better, only 39 percent being dead at the end of the tenth day. 

In a second experiment, tissue from additional sources was used and 
the leaf hoppers were kept at a temperature of 90® to 100® F. The 
different lots of insects in materials available for this experiment were 
given, respectively, (1) neither food nor water, (2) tap water, 0^) 
parenchyma of the petiole, (4) vascular tissue of the petiole, (5) 
young seeds,^ (6) hull of the seed ball, (7) pith from the crown and 
dowering stem, and (8) tissue containing vascular elements, from 
areas adjacent to the pith of the flowering stalk and the crown. The 
experiment was run in duplicate series, 50 leaf hoppers being used in 
each treatment in each 
series. The test was 
discontinued at the 
end of 48 hours. The 
results are shown p 
graphically in figure 5. 2 

As measured by the g 
control treatment in t 
wliich the leaf hoppers > 
received neither food ^ 
nor water, each of the £ 
types of tissue on f 
wliich tlie insects were 
allowed to feed yielded 
s o m e life-sustaining 
m a terials. Young 
seeds proved to be 



poorest in tliis respect, 
probably in part be¬ 
cause of their tend- 


HOUR5 

Figure 5,— Mortality of Kuletfii tenellus on dilTereut types of t)eet 
tissue at 90'* to 100® F. 


e.ncy to dry very rapidly. The mortality curve, however, is steep for 
parenchyma from all sources except the flowering stalk and crown. 

In general, these experiments indicate that parenchyma is unfavor¬ 
able for the beet leaf hopper. Parenchyma of the petiole seems to be 
little better than tap water. Parenchyma of the flowering stalk and 
crown is more favorable and ranks in food value next to tissue con¬ 


taining vascular elements. It is worthy of note that parenchyma 
from the flowering stalk and crown is higher in sugar than parenchyma 
from other sources, and it is possible that this greater sugar content, 
is responsible for the prolonged life of the leaf hoppers. Normally, 
of these types of parenchyma, only that from the petiole is available 
to leaf hoppers. These experiments furnish additional evidence to 
support the view that the beet leaf hopper is chiefly dependent on 
the phloem for its food. 

The next question of importance is whether the leaf hopper feeds 
sufficiency on parenchyma from the various sources to acquire virus 
if it is present. Experiments have indicated that a relatively short 
period of feeding is sufficient for leaf hoppers to acquire virus from 
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dise&sed beet leaves. A few individuals have become viruliferous 
after a 1-minute feeding period, and larger numbers acquire virus as 
the feeding period is increased. Of 150 leaf hoppers fed singly on 
diseased beet leaves, 11 percent acquired the virus in 5 minutes. In 
another test with the same number of leaf hoppers, 23 percent became 
viruliferous after a 10-minute feeding. Since the evidence shows that 
the beet leaf hopper acqmres enough material from parenchyma to 
appreciably pi-olong its life, and since the leaf hopper acqunes the 
virus in a veiy short period of feeding on diseased beet leaves, it seems 
reasonable to assume that the leaf hopper may be used to furnish 
evidence regarding the presence or absence of virus in parenchymatous 
tissue despite the fact that parenchyma is not a very favorable source 
of food. 

VIRUS CONTENT OF TISSUES OF BEET PLANT 

Assuming that the method just described affords a means of testing 
for the presence of virus, nonviruliferous leaf hoppers have been given 
access to various types of tissue isolated from diseased beets. At the 
time the leaf hoppers were given access to parenchyma a second group 
of leaf hoppers was placed in an empty cage to serve as a check on the 
feeding of the leaf hoppers on parenchyma. When all the leaf hoppers 
serving as checks were dead the insects surviving on parenchyma were 
transferred to seedling plants. These checks were used in all tests 
except those involving the parenchyma of the petiole. 

Parenchyma of Petiole 

Large petioles from beets infected during the cun-ent season were 
covered with paraffin, and strips of this were removed to expose 
paienchyma or vascular tissue, as described previously. Forty non¬ 
viruliferous leaf hoppers were allowed to feed on each petiole, 20 for 
24 hours on parenchyma and 20 for 24 hours on vascular tissue. One 
half of the petioles had parenchyma exposed during the first 24 hours 
and vascular elements exposed during the second 24 hours, and the 
other half had the exposures made in reverse order. At the end of the 
feeding period the leaf hoppers were diyided into lots of 6 each and 
caged on healthy plants. In this manner 8 healthy sugar-beet plants 
were inoculated from each petiole; 4 plants'by means of leaf hoppers 
which had access to parenchyma and 4 by means of leaf hoppers wmch 
had access to vascular elements. One hundred and four plants were 
inoculated by means of leaf hoppers from each type of tissue. Of the 
104 plants inoculated by means of leaf hoppers from vascular tissue, 
42 became infected; whereas, of the 104 plants inoculated by means 
of leaf hoppers from parenchyma, only 1 became infected. The results 
of this experiment are shown in table 2. 

^ In a second experiment, petioles were taken from plants that had 
Keen diseased several months and on wliich petioles had been produced 
subsequent to infection. The plan of this experiment was the same 
as that just described, except that larger numbers of petioles were 
used and only one lot of leaf hoppers was given access to each petiole. 
In this test, of the 80 plants inoculated by means of leaf hoppers from 
tissue containmg vascular elements, 37 became infected; whereas, of 
the 80 -plants inoculated by means of leaf hoppers from parenchyma 
h^uet none ^owed any sign of disease (table 2). 

%’■ 
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Tablk 2 . —Virus content of sugar-heet tissues as indicated by leaf-hopper, tests 



Leaf 

Plants 



Tissue tested 

hop^rs 

inocu¬ 
lated • 

Plants infected 

[ 


IN umber 

Number 

Number 

Per cent 

Vascular tissue, petiole of first*year beets. 

Parenchyma tissue, petiole of first-year beets.. 

Vascular tissue, petiole ot second-year beets. 

520 

104 

42 

40.3 

520 

104 

1 

.9 

400 

80 

1 37 

46.2 

Parenchym<< tissue, fwtiole of second-year beets. 

1 400 

80 

9 

.0 

V,^scular tissue, flowering stalk. 

420 

84 

I 02 

73.8 

Pith of flowering stalk.-. 

Vascular tissue below crown. 

420 

84 

0 

.0 

000 

120 

58 

48 3 

Parenchyma tissue below crown. 

000 

120 

9 

7.5 

Outer hull of seed ball.-. i 

200 

40 

11 

27.5 

Young seeds...... 

200 

40 

0 

0 




* 5 leaf hoppers were lilaced on each plant inoculated. 


Parenchyma of Crown 

Tissue selected as containing no vascular elements was taken from 
the crown of large diseased beets and placed in a cage containing non- 
viruliferous leaf hopjiers that had been starved overnight. A second 
lot of tissue containing vascular elements was taken from the portion 
of the beet adja,(‘ent to the first selection and exposed to a second lot 
of leaf hoppers. After the leaf hoppers luul been allowed a feeding 
period of 5 hours they were divided into lots of 5 each and placed on 
healthy beet seedlings. One hundred and twenty plants w^ere inocu¬ 
lated by means of leaf hoppers from each of the two food sources. 
In this experiment, of the 120 plants inoindated by means of leaf 
hoppers from tissue containing vascular elements, 58 became infected; 
and of the 120 plants inoculated by means of leaf lioppers from tissue 
containing no vascular elements, 9 became infected. 

Jn the foregoing experiment, tissue w^as taken from six beets and 
the tissue from each beet was used as a separate test. For the six 
beets the number of infections residting from the leaf hoppers that 
had access to parenchyma tissue was, respectively, 0, 1, 5, 0, 3, and 0. 
The infections resulting from leaf hoppers that had fed on adjacent 
vascular tissue from the same biH'ts were, respectively, 0, 9, IS, 16, 
9, and 5. Each value represents the number of infections obtained 
from inoculating 20 plants. 

These results seem to demonstrate that virus does occur in some 
types of parenchyma tissue. Perhaps if virus occurs in any paren¬ 
chyma tissue of the plant it would be expected to be present in the 
parenchyma that lies immediately below the growing point and closest 
to the actively growing areas of the beet crown. However, even there 
it seems to occur in diminished concentrations—in some cases in 
concentrations too low for relatively large numbers of leaf hoppers 
to pick it up. 

Pith of Flowering Stalk 

Large fruiting stalks were selected from plants that had been 
infected the season prior to flow^ering. Portions of pith containing 
no vascular tissue were removed and exposed to the feeding of non- 
viruliferous leaf hoppers. A second group of nonviruliferous leaf 
hoppers was allowed to feed on tissue containing vascular elements 
selected from the area immediately adjacent to the pith that wag used 
as food for the first lot. Eighty-four plants were inoculated from each 
lot of leaf hoppers. Of the 84 plants inoculated by means of the leaf 
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hoppers from tissue containing vascular elements, 62 became infected; 
whereas of the 84 plants inoculated by means of the leaf hoppers from 
pith, none showed any sign of disease. 

Young Seeds 

Sevorin {21) has shown that there is no seed transmission of the 
curly-top virus in beet. Since this is true, the question arises as to 
whether the virus never gains access to the seed in any stage of its 
development or whether it may be present in certain early stages of 
seed development and become inactivated as the seed matures. 

To obtain information as to whether virus occurs in seeds in the 
earlior stages of their development, young seeds from diseased plants 
were separated from the surrounding tissue and placed in cages whore 
nonwuliferous leaf hoppers had access to them. Very young seeds 
having a high water content were selected. As a ciieclc on the virus 
content of uie nearby tissue, the hulls of the seed balls from which 
the seeds wore removed were placed in cages with other nonvirulif- 
erous leaf hoppers. After periods of several hours the leaf hoppers 
were divided into groups of five each and placed on seedling beets. 
Of the 40 plants inoculated by means of leaf hoppers from hulls, 11 
showed signs of the disease; whereas of the 40 plants inoculated by 
means of leaf hoppers from seeds, none became infected. 

Since no virus was obtained from the seeds by the leaf hoppers, it 
seems probable that seeds contain no virus even in the early stages of 
their development and that virus may not bo able to pass from the 
plant into the seed. Therefore, absence of seed transmission may be 
dtie to a barrier between the embryo and the mother plant which, 
although permitting passage of water, mineral elements, and elabo¬ 
rated foods, restrains or inactivates the virus. 

CONCENTRATION OF VIRUS IN PHLOEM EXUDATE 

The foregoing experiments show that leaf hoppers readily acquire 
virus from vascular tissue and rarely obtain it from other tissues. 
Since the xylem elements evidently j^o not carry any considerable 
amount of virus, the phloem must contain at least the greater part of 
the virus in the vascular elements. Liquid from phloem tissue may 
be obtained by making cuts across the tops of beet roots. In a few 
minutes drops of exudate appear above the severed ends of vascular 
bundles and may be collected with capillary tubes and used in arti¬ 
ficial feeding tests with leaf hoppiers. Attempts were made to com¬ 
pare the relative virus concentration of such exudate with that of the 
expressed juice from the entire beet. In these tests, drops of exudate 
from diseased beets were placed on a parchment membrane. Non- 
viruliferous leaf hoppprs were allowed to feed on the exudate through 
'the membrane for about 4 hours and then were caged singly on seedling 
beets. 

A second lot of n^onviruliferous leaf hoppers were allowed to feed on 
expressed beet juice and then were caged singly on seedling beets. 
The results shown in table 3 indicate that more virus is available to 
the leaf hopper from phloem exudate than is avaflable from expressed 
yuiM froni the entire beet. Of the 104 leaf hoppers fed on phloem 
- exud^iili^ 33 produced infection; whereas of the 104leaf hoppeA having 
eecoi^^^dxpteBsed beet juice, only 4 gave evidence of having acquired 
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Table 3.—VtriM confent of phloem exudate and expressed beet juice as indicated 

by leaf-hopper tests 


Material tested 

Plants in¬ 
oculated* 

Plants infected 

Exudate from phloem of beet root.. 

Expressed juice from beet root.. 

Number 

104 

104 

24 

24 

Number 

33 

:| 

Percent 

31.7 

3.8 

29,1 

.0 

Exudate from beet petioles. 

Expressed Juice from beet iietloles... 


• 1 leal hopper was placed on each plant inoculated. 


It is noted frequently that drops of exudate collect on the loaves 
and petioles .of rapidly growing beets that have been recently infected. 
This exudate has long been considered to come from the phloem. 
Recently, Ksau {tS) has made liistological studies of diseased beets 
and described the path which this exudate takes in moving from the 
phloem to the exterior. By means of exudate of this type further 
feeding tests were made to determine virus concAuitration. These 
tests were carried out as already described, 24 loaf hoppers being 
given access (o exudate and an equal number having access to ex¬ 
pressed juice from beet petioles. In this test, 7 leaf hoppers acquired 
the virus from exudate, w'hereas none was found to be viruliferous 
after feeding on expressed juice. 

in connection with the experiments that indicate a very low con¬ 
centration of vims in types of tissue other than phloem, these tests 
with phloem exudate seem to demonstrate conclusively that the chief 
virus reservoir in the sugar beet is phloem tissue. Pldoem exudate 
with its lugh virus content may prove valuable in wus purification 
experiments and in work dealing with properties of the virus. 

MOVEMENT OF VIRUS IN DIFFERENT TISSUES 

ORAFT UNIONS OF SUGAR BEET 

Twenty healthy sugar-beet plants having main roots approxi¬ 
mately three fourths of an inch m diameter were taken from the soil, 
and a. portion of one side of each root was removed by means of a sharp 
knife. Twenty diseased beet plants were treated in a similar manner. 
The cut surface of each diseased beet was placed in contact with the 
cut surface of a healthy beet and the two plants firmly bound to¬ 
gether and potted. Symptoms of curly top began to appear on the 
new leaves of the inoculated beets in 3 weeks. Of the 20 healthy beets, 
17 became diseased. In the case of the 3 beets that did not develop 
symptoms, the diseased member of the pair died probably before 
union was complete. 

GRAFT UNIONS OF TOBACCO 

Experiments were conducted with Turkish tobacco to determine at 
what stage in the development of a graft union the curly-top virus 
passes from a diseased scion to a healthy stock. Healthy tobacco 
plants were cut back to a height of about 8 inches, and 3 inches of 
stem from a diseased plant was grafted to each healthy plant. Cuts 
were made at angles that afforded considerable surface contact. 
Grafts were removed from stocks at 24-hour intervals for 15 days 
and the results on the inoculated plwts noted (table 4). 
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4 .—Time required for infection of healthy tobacco stocks by scions from 
* diseased plants 


1 

Period between 
grafting and re¬ 
moval of diseased 
scion (days) 

Plants 

grafted 

Plants infected 

Period between 
grafting and re¬ 
moval of diseased 
scion (days) 

Plants 

grafted 

Plants infected 

1. 

Number 

10 

Number 

0 

Percent 

0 

9. 

Number 

12 

Number 

7 

Percent 

68 

2... 

iO 

0 

0 

10. 

10 

7 

70 

3. 

10 

0 

0 

11. 

10 

8 

80 

4. 

10 

0 

0 

12. 

10 

10 

100 

6... 

10 

0 

0 

13. 

10 

9 

90 

0. 

13 

0 

0 

14... 

10 

10 

ion 

7„ . 

11 

3 

27 

16. 

10 

9 

90 

8.. 

12 

5 

41 



No infection occurred until the seventh day. The number of in¬ 
fected plants increased from 27 percent on the seventh day to KM) per¬ 
cent on the twelfth day. The union between the stock and the scion 
was examined for all the tiine intervals used. At the end of 3 days a 
definite imion was found which was complete chough to make neces¬ 
sary the use of an appreciable amount of force in removing the scion. 
Graft unions of different ages from 3 to 9 days were killed, enabedded, 
and sectioned, and then were examined under a compound microscope. 
In all the specimens sectioned, the union at the end of the third day 
was composed wholly of ineristematic tissue. This rapidly differen¬ 
tiated into other ti-ssues and in the 5- and 6-day-old unions the-begin¬ 
nings of tracheal elements were clearly evident. In the 7-, 8-, and 
9-day-old unions, apparently mature tracheal elements with pits and 
rinm were distinctly visible. The walls of these elements were ligni- 
fied, as indicated by their taking a deep safranine stain. Phloem ele¬ 
ments could not be Clearly identified, but strands of elongated cells 
paralleling the tracheae were observed, which may well have included 
functional phloem. 

The foregoing experiment seems to demonstrate that in tobacico 
infection does not result from contact of cut surfa(!e8 and that virus 
does not move through newly formej^ meristern in a period of from 2 to 
4 days. Infection apparently does not occur until after tracheal ele¬ 
ments, and probably phloem elements, connect the stock with the 
scion. Since the virus seems unable to pass out of tracheae into other 
colls and become established sufficiently to produce disease, and since 
it also seems unable to pass through meristem or young parenchyma, 
it appears extremely probable that in tobacco grafts the virus moves 
in the phloem in crossing a graft union. 

REMOVAL OF RINGS OF BARK« AND INTERNAL PHLOEM 

Killing portions pf stems and removing rings of bark have been the 
methods used by sevCTal investigators to obtain evidence regarding 
the tissues in which virus is dispersed through plants. 

The writer (2, 3) found that the virus causing curl of raspberry and 
two viruses causing mosaic of raspberry may be limited in their move¬ 
ment through the plant by removing rings of bark. 

In tomato, according to Caldwell (7), the virus of mosaic bridged 
an area-dh the stem mom which a ring of bark was removed. As 

^*\mk** as used in this paper signifies all tissue uf the stem from epidermis to cambium, 
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Caldwell points out, however, the tomato has a weak development 
of internal phloem, so that it is not clear whether the virus passed 
through the woody cylinder, the pith, or the internal phloem. The 
same mvestigator conducted experiments to determine whether the 
virus moved through dead portions of stem. Of the 26 plants having 
portions of the stems treated with chloroform, the virus in 14 did not 
•cross the treated area. In 12 plants, virus was present in noninocu- 
lated parts. These exceptions are attributed to mcomplete killing of 
the stem, regeneration of tissue, and accidental infection. In plants 
having portions of the stems killed by steaming, the virus was held 
in the inoculated parts for several weeks in 20 of the 21 plants used. 
The one exception was thought to be due to accidental infection and 
not to movement of virus across the steamed area. 

The virus fcausing curly top hfis certain characteristics that render 
it convenient for experimental use in tests involving tissues through 
which movement occurs. One of the most important of these is its 
failure to produce infection except as inoculated into plants by its 
specific vector, thus reducing to a minimum the chance infection of 
noninoculated parts of plants kept for long periods of time. More¬ 
over, the virus causes disease in a large number of plant species, thus 
making available a wide range of anatomical types for experimental 
use. 

Since the sugar beet cannot be employed in ringing experiments 
because of its anatomical structure, it was necessary to choose some 
other susceptible plant for such experiments. In making a survey of 
susceptible plants of a more or less woody nature, tests were made 
on two species of tobacco, namely, common tobacco (Nicotiana 
tahacum L.), Turkish variety, and tree tobacco (N. glaum (Iraham). 
These plants grow well under a wide range of greenhouse conditions, 
arc easily propagated at all seasons from seeds or cuttings, and are 
very satisfactory for experiments involving grafting. Moreover, the 
presence of an internal phloem makes these species suitable for experi¬ 
ments on the movement of virus in the phloem not possible in most 
other types of woody jilants. Each of these species has been used 
in a fairly extensive series of ringing experiments. 

Nicotiana Tabaci'm 

Turkish tobacco has only a medium degree of susceptibility to 
infection by the curly-top virus, but symptoms of disease are char¬ 
acteristic and well marked. Infection may be induced by leaf hoppers 
or by grafting. In most of the experiments about to be described 
leaf hoppers were used in making inoculations. 

The first experinaents with Turkish tobacco were planned to deter¬ 
mine whether the virus would pass downward through a killed portion 
of stem. Plants approximately 2 feet tall were cut back to a height < 
of about 10 inches and the buds in the loaf axils allowed to grow to 
a length of 1 to 2 inches. A portion of the stem below the second or 
third bud from the top was incased in a celluloid cylinder, the bottom 
being closed around the stem. Hot paraffin was poured into the 
cylinder. This killed the tissues and protected and supported the 
killed area. After a portion of the stem had been killed in this 
manner,‘leaf hoppers were allowed to feed on the top bud. Distinct 

6B678—34- 2 
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symptoms of curly top appeared in an average period of 7 days on 
all the inoculated buds of the 10 plants used. The inoculated parts 
lived for an average period of 16 days. All plants were held for 
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several weeks, but curly-top symptoms appeared in no case in any 
part of the plant below the killed area. 

Further experiments were made to determine the part of the stem 
through which the virus is able to move. Plants were grown to the 
beginning of flower-bud production. The stems were pruned back 
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to a height of 18 inches and buds were allowed to start. The plants 
were then divided into 8 lots and treated as follows: 

Lot 1.—A ring of hark was removed from the internode below the second or 
third bud from the top. This is tenned an external ring (fig. 6, J5, a). 

Lot 2.-—a hole was made through the bark and wood of the internode about 
one half of an inch below the second or third bud, by means of a small cork borer 
and the pith and internal phloem were removed, exposing a ring of wood one 
ftiurth of an inch wide on the inner side of the woody cylinder. This is termed 
an internal ring (fig. 6, i?, h ). 

Lot 3.—An outer and inner ring 1 inch apart were made with the outer ring 
above the inner and the two rings separated by the second or third bud from the 
top of the plant (fig. 6, /i, c ). 

Lot 4.—The plants wen* treated as in lot 3, excei)t tliat the relative positions 
of the two rings were reversed (fig. 6, B, d). 

Lot 5. —An outer and an inner ring, 1 inch apart, w'crc made with the outer 
ring above the iiuier and both rings in the second or third internode (fig. 6, B, e). 

Lot 6.—^The i)lants were treated as in lot 5 except that the relative positions 
of the rings were reversed (fig. 0, B,/). 

Lot 7. —Outer and inner rings were made in the second or third internode, the 
two rings being placed at tlie same level on the stem (fig. 6, B. g). 

Lot S —Plants weix) treated as in lot 7, except that a small strand of bark was 
left in the outer ring (fig. 6, B, h). 

These treatments were designed to determine whether the curly-top 
virus moves (1) through internal phloem, (2) through the external 
phloem, (3) from tlie internal pliloem to the external phloem through 
unions of the two in the leaf traces, (4) from the external to the internal 
phloem through unions of the two in the leaf traces, (5) from the 
internal phloem to the external phloem through the medullary rays 
or other parts of the woody cylinder, (6) from the external phloem to 
the internal phloem through the medullary rays or other parts of the 
woody cylinder, (7) downward through the woody cylinder, or (8) 
through a very small strand of bark bridging an external ring. 

Immediately after ringing, the top bud on each plant w^as exposed 
to yiruliferous leaf hoppers. Symptoms of curly top appeared on 
the inoculated bud in from 6 to 13 days. Typical results of a series 
of tests are shown in figure 6, .1, and results of all tests are given in 
table 5. 


Table 5. —Influence of rirtgs on virus movememt in plants of Turkish tobacco 
{i^^icotiana tahaeum) cut hack to a height of 18 inches, inoculated in top two buds, 
and ringed 1 to S inches below the junnt of inoculation 


Number and position of rings 


Outer ring only..... 

Inner ring only...-.. 

Outer ring l inch above inner, bud between. 

Outer ring 1 inch below inner, bud between. 

Outer ring 1 inch above inner, botli in internode,. 
Outer ring l inch below inner, both in inlemode-. 

Outer and inner rings at same level- .. 

Outer and inner rings at same level, strip of bark 
in outer ring. 


Plants in¬ 
fected 

Effect on plants in 
which virus i>assed 
rings 

Effect on plants m 
which virus did not 
pa.s.s rings 

Plants af¬ 
fected 

Average 
period be- 
twiwn inoc' 
idation and 
appearance 
of symp¬ 
toms 

Plants af¬ 
fected 

Averace 
period be- 
tween inoc¬ 
ulation and 
<ieath of 
parts above 
rings 

Number 

Number 

Days 

Number 

Days 

lb 

15 

9.9 

0 


8 


11 0 j 

0 


ir» 

15 ! 

9.« 

0 


1.5 

15 

11.1 ! 

0 


11 

4 

35 0 

7 

83 H 

](> 

3 

‘->7.0 

13 

97.5 

14 

b 

- - 

14 j 

85. 9 

7 

1 7, 

10.4 

0 

• 












684 


Journal oj AgricvUwal Eesearck 


Vol. 48, no. 8 


, In all cases where there was an uninterrupted channel through either 
internal or ej^ternal phloem across the rings the virus moved downward 
wth little apparent delay. In many instances in some types of ring¬ 
ing, symptoms were evident on shoots below the rings before any sign 
of disease appeared on the inoculated parts. In the type of ringmg in 
which the appearance of virus below the ring was dependent on its 
movement through a distance of less than one fourth of an inch of 
woody cylinder, no symptoms appeared in any parts below the rings 
in any of tlie 14 plants inoculated. The diseased parts above the 
rings lived for an average period of 86.9 days from the time of inocu- 



FuiUR® 7.—Kogeneration of cells in the woody cylinder of tobacco plants having two rings 1 inch apart In an 
internode: A, NictAiana tabacum: B, AT. glauea, X 40. 


lation. In the series of tests in which the two rings were at different 
levels in the internode and the external ring was the higher, the virus 
was held in the inoculated parts in 7 of the 11 plants used. The 
inoculated parts itf these 7 plants lived an average period of 83.8 days. 
In four plants symptoxns appeared below the rings in an average period 
of 35 days. In the series m which both rings were at Cerent levels 
in an internode and the internal ring was the higher, the virus was 
held in the inoculated parts in 13 of the 16 plants used, the average 
life of tops of the 13 plants being 97.5 da 3 r 8 . In three plants symptoms 
appeared in parts below the rings in an average period of 27 days. In 
swes i# which there was an umntemipted path of phloenr across the 
’■ symptoms appeared on the parts below rings in an average 
* of 9.6 tQ ll.l days, which differed in different series. 
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Tiie seven plants in which symptoms appeared below rings in tl>c 
two series in which the rings were at different levels in an intemode 
were examined to determine what conditions were present or what 
clianges had occurred that might have a bearing on an explanation of 
virus passage. Serial sections of entire internodes revealed definite 
regions of regeneration of what appeared to be medullary rays in one 
or more areas of the woody cylinder. These regions were sufficiently 
evident to be recognizable to the unaided eye and seemed to consist 
of masses of newly formed tissue extending from a region of very active 
internal pliloem outward and downward to the bark, splitting the 
wood in their growth. These interphloem strands seemed to have 
their origin just above the top of the internal ring. It is considered 
probable that the internal phloem transports considerable food under 
normal conditions but that since the internal phloem is enclosed by a 
rigid tissue the opportunity for the expression of grow’th impulses may 
be limited, and the tendency to initiate regeneration of medullary 
rays may be greater than from the opposite side of the woody cylinder, 
where the food brought down in the external phloem is used to form 
a great amount of callus, w’ood, bark, and roots. A typical regenera¬ 
tion area is shown in iigure 7, ^4. These areas of regenerated tissue 
were examined microscopically for phloem elements. They were 
found to be composed of a large vaiiety of active cells of different 
shapes and sizes, some narrow and very much elongated, others broader 
but rectangular, and many oval or irregular. Phloem tissue could not 
be identified definitely, but it seems (juite probable under the cir- 
cumstan(‘es that tissue capable of translocating elaborated foods was 
present in these connecting strands. 

Nicotian A Glauca 

To have available a more woody stem, a perennial species of tobacco, 
Nicotiana glauca^ was chosen for several series of ringing experiments 
similar to those described for N. tabaevm. N. glauca^ liowever, has 
not been reported as susceptible to curly top, and before the ringing 
experiments were started preliminary tests were made to determine 
the reaction of the species to the curly-top virus. To test suscep¬ 
tibility to infection, large numbers of viruliferous leaf hoppers were 
allowed to feed on live small plants for several days. None of these 
plants developed symptoms of curly top. Larger plants, 3 feet or 
more in height, were then used. These were pruned to a height of 
about 18 inches, and a 3-inch length of stem from a plant of N, tabacum 
affected with curly top was grafted at the top. The A^. tabacum 
scions grew well and developed typical curly-top symptoms. No 
signs of disease appeared, however, on any of the new pow’th from the 
stock. Parts of stems from healthy A^. tabacum plants were then 
grafted in at the base of the N, glauca stems at points about 14 inches 
below the diseased scion. These grafts without exception became 
diseased, showing that the N. glauca plants were infected and that the 
virus had moved downward, through approximately 14 inches of stem. 

It was later proved that Nicotiana glauca is susceptible to infection 
by direct feeding of leaf hoppers. Healthy N, tabacum stems were 
grafted into the base of N, glauca plants and vhuliferous leaf lioppers 
were allowed to feed on young shoots of the N. glauca stems. The 
virus passed from the inoculated shoots through the stem and infected 
the graft several inches below. 
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Tests were, next made to determine how long the virus would 
remain active in Nicotiana glauca. Two plants which had been 
inoculated from N. tabacum by the grafting method were selected 
and all N. tahacum tissue removed. These two plants were tested 
at intervals over a long period by grafting portions of their stems 
on healthjr N. tabcKum plants. The production of disease in thip 
latter species showed that the virus was active in N. glauca 2 years 
after the plants were infected. At no time, however, were signs of 
curly top visible on these plants. The species seems to be a symptom¬ 
less carrier of the virus under the conditions of these tests. 

The stem of Nicotiana glauca is very well adapted to ringing e.x- 
peiiments, but since the plant does not show symptoms of the presence 
of virus it was nec,essary to modify the technic used in previous 
experiments with N. tahacfwm. A suitable modification was accom- 
pUshed by grafting N. tabacum on N. glauca stems as follows; N. 
glauca plants were grown in 12-inch pots to a height of 3 to 7 feet 
and pruned to a height of 18 inches. Plants were inoculated by graft¬ 
ing infected N. tabacum stems at the top. A second portion of stems 
from N. taltacam, this part from a healthy plant, was grafted in at 
the base about 14 inches below the top or diseased graft. This 
latter graft was used as an indicator of the i)resenc.e of virus in the 
basal portions of the N. glauca plants, and the N. glauca stern was 
used as a medium in which to study the influence of rings in the 
downward movement of virus. 

The rings were placed on the Nicotiana glauca stems about 1 inch 
below the point of union with the upper graft of N. tabacum. The rin^ 
were made as described for N. tabacum with the additions shown m 
table 6, where the results of this experiment are tabulated. 


Table 6.— Influence of rings on mrus movement m Nicotiana glauca plants cut hack 
to a height oj 18 inches and grafted to curly^top Turkish tobacco at top and to 
healthy Turkish tobacco at base 


Number and position of rings 


Neither inner nor outer rings.. 

Outer ring only.. 

Inner ring only..... 

Outer ring l inch above lunef, bud between_ 

Outer ring 1 inch below inner, bud between_ 

Outer ring l Inch above inner, both in an Inter- 

node.... 

Outer ring 1 inch below inner, both in an inter¬ 
node....... 

Outer and inner rings at same level in an inter¬ 
node....... 

Outer and inner rings at same level, strip of bark 

in outer ring.:... 

Outer and inner rings at same level, strip of 

pUoem in inn^ ring—*—,__ 

OuA rtt 1 inch ai^ve inner, both in internodeV 

in outer ring*..._—_ 

t>elow inner, both in internode, 
ili outer^ring.....—-- 



Effect on plants in 1 
which virus passed j 
rings 

Plants in' 
oculated 

Plants 

allected 

Average 
period be¬ 
tween in¬ 
oculation 
and ap¬ 
pearance of 
symptoms 
below 
rings 

Number 

10 

15 

15 

15 

15 

Number 

10 

15 

15 

15 

15 

Daye 

23.6 
23.8 

22.7 
26.6 
22.5 

15 

3 

03.0 

w 

. 1 

S3.0 

15 

0 


10 

10 

10.5 

5 

5 

26.2 

0 

0 

10.6 

5 

5 

20;0 


Effect on plants in 
which virms did not 
pass rings 


Plants 

a0ected 

Average 
period be¬ 
tween in¬ 
oculation 
and death 
of part 
above 
rings 

Number 

Days 









12 

14 

15 

245 

261 

203 
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Plants having no rings required about the same average length of 
time for the appearance of symptoms on the lower graft as those in the 
groups having only an external or an internal ring. Two lings 1 inch 
apart seemed to have no influence in delaying the passage of virus in 
plants where the two rings were separated by a bud, regardless of their 
relative positions. The average length of time required for the appear¬ 
ance of symptoms was 25.5 days in plants where the outer ring was 
above the bud and 22.5 days in plants where the inner ring was above 
the bud. Whether this difference of 3 days is significant may be 
questioned. However, it is worthy of note that in the plants requir¬ 
ing the lo^er period for the appearance of symptoms on the lower 
graft the rinp were so placed that materials moving downward in the 
phloem would be required to pass outward to the external phloem 
from the internal phloem through connection in the leaf traces. 

Two rings, one external and the other internal, 1 inch apart, and 
both in an mtemode, prevented the passage of virus in 26 of 30 plants 
in the two series shown in table 6. In th^ese two series, the 4 plants 
in which the virus passed the rings were of the same age and had been 
inoculated and ringed at the same time. At the time of inoculation 
they had relatively immature stems with thin woody cylinders. 
Serial sections of the internodes in which the two rings were located in 
all 4 plants revealed strands of newly formed tissue extending from 
the internal phloem at the top of the internal ling downward to the 
external phloem of the bark. Figure 7, B, shows a section of one of 
these strands. 

In 15 plants having two rings at the same level in an internode, there 
was no instance in which the virus passed the rmgs. The average 
length of life of the diseased parts above the rings was 203 daj^s. 
Figure 8, A, shows a plant of this series that retained virus above the 
ring for more than a year with no movement across the ring during 
this time. 

The presence of a small strand of either internal or external phloem 
bridging rings which otherwise prevented virus passage, permitted 
the virus to pass with no measurable delay. The influence of a small 
strand of bark as compared with complete severing of phloem con¬ 
tinuity is illustrated in figure 9, A and B. The influence of a bud 
between the internal and external rings is illustrated in figure 10, 

A and B. 

RATE OF VIRUS MOVEMENT 

A better understanding of the movement of virus in plants and of 
the factors influencing it would throw new light on some of the funda¬ 
mental problems presented by plant viruses. The subject of virus 
rnovement in plants has received attention from several investigators. 
Sufficient evidence has been accumulated to indicate considerable , 
variation in the behavior of different viruses. Whether this variation 
is due to the specific nature of the viruses or to the functioning of the 
plants in which they occur is a question of considerable interest and 
importance. 

McCubbin and Smith (J8) were among the first to present data on 
the rate of dispersion of viruses in plants. They measured the rate of 
movement of the virus of tomato mosaic by layering tomato plants, 
inoculating them at the distal end of one of ^e branches, and sevMng 
the stems hetween the rooted portions at different distances from the 
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point of inoculation at known time intervals. By this means they 
were able to cafculate a rate of movement of 1 to 2 inches per day or 
1 to 2 mm per hour. 

Severin {^2) inoculated the distal ends of beet leaves with the 
curly-top virus by means of leaf hoppers and severed the inoculated 



FiGVBS 8.—-4, NMUtm glaum plant that had a diseased 2V. iahacum graft placed at the top and a healthy 
N. tab^m graft placed at the base and rings of internal and external phloem removed at the same level 
immediately below the top graft. After 420 days, virus was present in the part above the rings and absent 
In the parts below the rings. B, Ringed area, natural siee. (Photographed l year after grafting.) 

leaves at measured distances from the point of inoculation after 
different ^lime intervals. The most rapid movement measured by 
^ this|^e|ps was 7 inches in 30 minutes, or a rate of 14 inches i>er hour. 
^ using methods similar to those of Severin, found that 

m 8 wlfgfdants the virus of maize streak moved downward from the 
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point of inoculation at the distal end of a maize leaf, a distance of40 
crn, in 2 hours. 

Boning (4) found that the virus of tobacco mosaic moved 13 cm in 
2 days in tobacco and 9 cm in 2 days in tomato. 

Holmes (i5), although not attempting an accurate measurement of 
maximum virus movement, has presented some very interesting 
^studies on rate of invasion of tobacco plants by the mosaic virus. 



Fuji'rb 9.“ ElTect of a small strand of bark on the downward movement of virus past rinps in Nicottana 
gtawa: Aj Plant haviiiR internal and external rimjs at some level and a strip of bark in the outer ring 
Curly-top symptoms may be seen on the lower graft Plan t having rings ns in A but no strip of bark in 

t he outer ring. The lower graft shows no curly-top symptoms. A , a, and B,a, Kings of respective planks, 
natural size. (Photographed 40 days after inoculation.) 

He shows that the rate is at first very slow until the vascular b\mdle< 
is reached. The virus moves more rapidly along the veins traversing 
the leaf blade and petiole. Apparently, the speed of movement is 
again accelerated when the virus passes into the stem from the 
inoculated leaf. 

_ Those results indicate a wide range in rate of movement among 
viruses in affected plants. This range extends from a rate of 1 to 2 
inches par day in the tomato mosaic virus to a rate of 14 inches* per 
hour in the virus of curly top. The factors determining these wide 
differences are of interest. Among the factors that may exert an 
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infltience at the^ time of testing are the specific nature of the tissue 
inoculated, the environmental conditions, the physiologic tone of the 
plant, and the species or variety of the plant. An effort has been 
made to extend the work done by Severin and to make further 



determinations on the rate of movement of the curly-top virus. 
Tobacco and sugar beet were used in these experiments. 

TOBACCO 

Measu^ments were made of the rate of the downward movement 
of y|rus ip the stems of the Turkish variety of Nicotiana tabueutn* 
^ M the plants were more than 24 inches high at the time of thfeir selec- 
lioa experiment, and some of them were showing the first 


Figure lO -EfToct of a bud between internal and external rings on the passage of virus downward in a stem 
of Nmtmna glauea: A, Plpt having external and internal rings and bud between. Note symptoms on 
the lower waft. B, Plant having internal and external rings in an internode. Note the absenee of symp¬ 
toms on tJie lower graft. (Phoj^raphed 40 days after inoculation.) 
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indication of blossom buds. The youngest leaves of each plant were 
enclosed in a celluloid cage into which 50 to 100 viniliferous leaf 
hoppers were placed. The leaf hoppers were allowed to feed 5 hours. 

The inoculated plants were incubated for different periods of time. 
At the end of the period allowed for virus movement they were cut 
off at a point 24 inches below the lowest point of inoculation, and all 
leaves were removed except the small ones on which the leaf hoppers 
fed. The stem was next cut into eight parts, each 3 inches long, and 
the ^gments placed in sand. In nearly all cases these cuttings rooted 
readily and produced a very satisfactory growth. The appearance of 
curly-top symptoms on a cutting indicated that the virus had reached 
that particular part of the stern in the period allowed for downward 
moveirient. .The results of this experiment are shown in table 7. 
The virus did not move out of the inoculated 3 inches of the stem 
in any plant in 24 hours. In 48 hours the virus moved a distance of 
24 inches in plant 10, or at a rate of one half inch per hour. The ex¬ 
tent of stem mvasion increased irregularly with the period allowed for 
virus movement up to 144 hours, when the virus had in all cases 
moved through the full 24 inches of stem and had reached the root of 
the plant. As calculated from these data, the maximum rate of virus 
movement is one half inch per hour (plant 10) for a 48-hour period. 

Table 7 shows that there were decided differences among individual 
plants. For example, in plants 16 and 19 the virus had not moved 
out of the inoculated 3 inches in 96 hours, whereas in plant 17 it 
moved 24 inches in the same length of time. Perhaps the most inter¬ 
esting results were obtained from plant 20, in the 96-hour incuba¬ 
tion period and from plants 23 and 24, in the 120-hour period. In 
plant 20 sections 1, 2, 3, 5, and 6 and the root portion were diseased 
and sections 4, 7, and 8 were healthy. In plant 23 sections 7 and 8 
were diseased, whereas all the other sections were healthy, including 
the inoculated tip and the root below the 24-inch mark. In plant 
24 sections 4, 5, and 7 were healthy and all the other sections were 
diseased. In all these plants, as usual in the experiment, the sections 
recorded as diseased showed symptoms on the first leaves from the 
buds and continued to show marked symptoms so long as they lived 
or until they wore discarded. All tlie cuttings from these three 
plants were transferred to soil in 8-inch pots and the healthy-appear- 
mg ones were grown to flowering. The plants were then further 
tested for the presence of virus by rafting portions of the stems on 
healthy plants. In no case was evidence of the presence of virus ob¬ 
tained in plants grown from sections which had shown no symptoms. 
Symptoms were present at all times in all plants grown from other 
sections. 

The significance of this erratic distribution of virus is not clear. 
In plants 20 and 24 it might well be that in its movement downward* 
the virus failed to come into contact with tissue in segments 4, 7, 
and 8, and in segments 4, 6, and 7, respectively, in which it could 
become established and multiply. In plant 23, however, it is diffcult 
to account for the absence of virus in the inoculated portion and its 
presence in two segments farther down the stem. 
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Table 7.^ -Rate of downward movement of curly-top viru$ in stems of Turkish 
• tobacco (Nicotiana tabacum) 

I i>eriod I Infection ® of indicated 3-inch cutting f> and root 


between 


Plant DO. 

inoculat¬ 
ing and 
making 
cuttings 

First 

Second 

Third 

Fourth 

rmh 

Sixth 

Seventh 

Eighth 

Koo 

1. 

Jloun 

24 

+ 









2.-. 

24 

-f 

— 

— 


... 

— 

— 

— 

.... 

3.-. 

24 

■f 


— 

— 

... 


— 

.. 

— 

4. 

24 




— 

.. 


— 

— 

— 

6. 

24 

•f 

— 

— 

— 

— 

.. 

— 

— 


6. 

48 


— 

— 

— 

_ 




— 


48 


— 

— 

— 




.. 


8. 

48 


4- 

4- 

— 


— 


— 

— 

9 . 

48 

+ 

4- 


— 

— 


— 

... 


10... 

48 


4* 

4- 

4- 

4- 

4“ 

4* 

4- 

4- 

a. 

72 

+ 

+ 





... 



12. 

72 

•f 

— 

— 

— 

“ 

— 

— 

~ 

— 

13 . 

72 

4“ 

— 


— 

— 

— 

— 

.. 

— 

14 .. 

72 

4- 

4- 

1 4- 

— 

— 

— 

— 

— 

4- 

15 . 

72 

4- 

+ 

1 4- 

1 4* 

! 4- 

4. 

4- 

4“ 

4 

16 . 

96 

4- 

— 

— 

1 "" 

— 

1 

... 


— 

17 . 

90 

+ 

4- 

' 4* 

4- 

+ 

! 

4* 

+ 

4- 

18. 

96 


4- 

4- 

+ 

4- 

4" 

4- 

4- 

4- 

19 . . . 

1 96 

+ 

— 

— 

— 

_ 

— 

— 

.. 

— 

20 . 

96 

4. 

4- 

4- 

— 

: 4* 

4- 

— 

— 

4” 

21 . 

120 

4- 

— 

— 

— 



— 

— 

— 

22 . 

120 

■f 

-f 

4- 

4* 

t 4- 

4* 

4- 

— 


23 . 

120 

— 

— 




— 

+ 

+ 

— 

24 . 

120 

-f- 

4- 

4- 


— 

-h 


4- 

4- 

25 . 

120 

4“ 

•f 

4' 

4* 

4. 

1 4. 

4- 

4* 

+ 

26 .. 

144 

-j- 


4- 

1 

4- 

1 4* 


4- 

4- 

27 . 

144 

4* 

! 4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

28 . 

144 

4. 

+ 

4" 


+ 

+ 

4- 

+ 

4- 

29. 

144 

4- 

4- 

4- 

1 4- 

+ 

4- 

+ 

i- 


30. 

144 

4- 

4* 

4- 

I 4- 

4- 

4- 

4- 

4- 

4. 


® Plus and minus signs indicate positive and negative results, raspectively, obtained from planting 
various 3-lnch sections of the inoculated stem. Where a cutting showed infection it was considered to 
indicate that the virus had reached that section of the stem in its downward movement. 

Counting downward from inoculated top. 

SUGAR BEET 

Seedling Beets 

Experiments with seedling beets were planned with a view to study¬ 
ing the rate of movement of virus in tsotyledons under different con¬ 
ditions of temperature. Seedling plants were used that had the 
beginning of first true leaves and cotyledons more than 1 inch long. 
Leaf holers were caged singly on the tip of one cotyledon of each 
plant. The time at wliich each leaf hopper started to feed was noted 
and the feeding period was terminated after the desired interval by 
removing the leaf hopper. The plants were grown in 6-inch pots, 

4 plants per pot. The pots were numbered consecutively. In all 
even-numbered pots the cotyledons on which the leaf hoppers fed 
were severed 1 inch from the point of feeding after the desired period 
kllowed for virus movement. The odd-numbered pots were kept 
as controls and received the same treatment as the even-numbered 
pots, except that the cotyledons on which the leaf hoppers fed were 
not removed. The feeding periods of the leaf hoppers were 2, 3, and 

5 minutes; the periods allowed for virus movement were 2, 3, 5, 10, 
and 15 minutes; and tlie air temperatures at which the various tests 
kere made were roughly 60°, 86°, 110°, and 135° F. The results of 

^thes^experiments are shown in table 8. 
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Table 8.— Rate of movement of virus in cotyledons of young sugar-beet plants 


Temperature (°F.) 

Leaf- 

hopper 

feecliiip 

period 

Period 
allowed 
for virus 
to move 
linch 

Cotyledon removed 

Cotyledon not re 

moved 

nfected 

Plants 

inocu¬ 

lated 

Plants infected 

Plants 

inocu¬ 

lated 

Plants 


Afinutes 

Minuter 

Number 

Number 

Percent 

Number 

Number 

Percent 


2 

2 

80 

0 

.0 

79 

0 

.0 


3 

3 

80 

0 

.0 

80 

0 

.0 

60 . 

6 

5 

80 

1 

1.2 

80 

9 

11.2 


6 

10 

66 

5 

7 6 

71 

11 

15 4 


5 

15 

77 

5 

6 4 

82 

6 

7 3 


2 

2 

176 

0 

0 

183 

9 

4 9 


3 

3 

81 

15 

18 5 

79 

24 

30. 3 

fit; 

5 

.5 

70 

8 

11.4 

76 

19 

25 0 

oo. __ 

5 

10 

74 

14 

18 0 

74 

17 

i 22.9 


6 

15 

73 

13 

17.8 

75 

21 

28 0 


5 

60 

80 

11 

13 7 

80 

15 

18 7 


2 

2 

80 

2 

2 6 

80 

8 

10 0 


3 

3 

78 

6 

7 7 

80 

11 

13.7 

110. 

f) 

fi 

82 

32 

39.0 

78 

31 

39 7 



1(1 

68 

18 

26 4 

64 

12 

18.7 


5 

15 

80 

2() 

32 5 

80 

25 

31 2 

1 

2 

2 

80 

] 

1.2 

80 

1 

7.5 

1oO . 

6 

5 

40 

1 

8 

20 0 

40 

1 

1 

25. 0 


Infection did not occur in any plant after the 2- and 3-ininuto 
feeding periods in the 60® series nor in any plant after the 2-niiniitc 
feedinj? in the 85® series. Infection occurred in test plants and con¬ 
trols after all the other feeding periods and exposures in all series. 
As calculated from these data, the rates of movement were as follows: 
At 60®, 12 inches per hour; at 85®, 20 inches per hour; at 110®, 30 
inches per hour; and at 135°, 30 inches per hour. However, consider¬ 
able caution should be exercised in drawing conclusions from these 
calculations regarding the effect of temperature on the rate of virus 
movement. Although the calculated rate w^as lowest at 60®, the per¬ 
centage of infection was also low. The low" percentage of infeciii'n 
indicates a lower inoculative efficiency on the part of the vec'tor, 
w^hich in turn may mean that the minimum time required for infection 
to occxir may be (onger than at higher temperatures, thus correspond¬ 
ingly reducing the available period for virus movement. However, 
the results at 110® seem to furnish some support for the assumption 
that the virus moves more rapidly at this temperature than at 60® 
or at 85®, since in the 5-, 10-, and 15-minute exposures, as measured 
by the controls, the removal of the cotyledons on wdiicli the leaf hop¬ 
pers fed seemed to have little influence on the percentage of plants 
which later developed disease; wrhereas at 60® and 85® the percentage 
of infection was considerably reduced by removing the cotyledons 
after exposure. 

Beet Plants Having Several True Leaves 

In seedling plants the determination of veiy rapid rates of virus 
movement is limited by the minimum duration of the required infec¬ 
tion period and by the length of the cotyledons. In order to obtain 
a relation between time of infection an(f extent of movement which 
would permit the detection of rates of movement more rapid than 
30 inches per hour, plants having leaves 3 to 10 inches long w ere used 
in a second experiment. Ten leaf hoppers were allowed to feed 6 
minutes at the distal end of a leaf on each plant at a temperaUire of 
86® to 100® F. In the odd-numbered pots the inoculated leaves were 
severed 1, 2, 3, etc., up to 10 inches from the point of inoculation 6 
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minutes after feeding started. The even-numbered pots were retained 
as controls. The experiment was run in three series (table 9). The 
results within a aeries are considered comparable, but one series is not 
strictly comparable with any other, because of differences in date of 
inoculation and in age of plants used. 

The results of this exj)eriment show a maximum downward move¬ 
ment of 6 inches in 6 minutes, or a rate of 60 inches per hour. An 
analysis of results indicates tnat even this rapid rate of movement 
does not represent the maximum rate attainable under the most 
favorable conditions for movement. Series 1, 2, and 3 of table 9 show 
considerably less infection in plants from which the inoculated leaf 
was removed than in the controls. This, however, did not hold in 
some of the subsequent tests made on very rapidly growing plants. 

Experiments 1 and 2 of table 9 show the results of two additional 
tests on plants growing at different rates at the time of inoculation. 
The plants used in experiment 1 of this table were thrifty but were 
not growing at an excessive rate; those used in experiment 2 were in 
rich soil and were growing very rapidly. In experiment 1, infection 
in the test plants was considerably less than in the controls. More¬ 
over, infection decreased as the distance of required virus movement 
increased. The results of this experiment, if standing alone, would 
indicate (1) that there was a rather uniform decrease in infection as 
the length of leaf removed was increased and (2) that the virus would 
not move more than 4 inches in 6 minutes. 


Table 9. —Virus movement in leaves of young sugar-beet plants 


Series ] * 


Series 3.. 


or eK|M*riineiit 

Lonieth 
of leaf 
removed 

Inoculat 

Plants in- 
oculatetl 

ed leaf not removed 

Plants infected 

Inoculi 

Plants In¬ 
oculated 

ated leaf removed 

Idants iufecteil 

(’alcii- 
lateti rale 
of virus 
move¬ 
ment per 
hour 


Jnches 

Number 

Number 

Percent 

Number 

Number 

Percent 

Jmhci 


1 

120 

m 

46.6 

120 

27 

22. 6 

10 

1.. 

2 

120 

M 

63.3 

120 

33 

27.6 

20 


3 

120 

60 

41.6 

120 

20 

16.6 

30 


4 

140 

38 

27.1 

140 

16 i 

10.7 

40 


5 

140 

46 1 

, 32 8 

140 

16 

10.7 

.60 


6 

140 

47 

** 33.6 

140 

17 

12.1 

60 


7 

40 

10 

26.0 

40 

0 

0 


i 

8 

40 

11 

27.6 

40 

1 0 

0 



9 

40 

10 

26.0 

40 

0 

0 



10 

40 

10 

26 0 

40 

0 

0 



1 

20 

1 17 

86 

20 

8 

40 

1 10 


2 

20 

13 

6.6 

20 

6 

30 

20 

ment 1.' 

3 

20 

15 

75 

20 

3 

! 16 

•30 

4 

20 

‘ 11 

66 

20 

1 

1 5 

40 


6 

20 

7 

36 

20 

0 

0 



6 

20 

6 

30 

20 

0 

0 




20 

13 

66 

20 

8 

40 

10 


2 

20 

14 

70 

20 

10 

60 

20 

ment 2. 

3 

20 

10 

50 

20 

10 

60 

30 

4 

20 

13 

66 

20 

11 

66 

40 


5 

20 

12 

60 

20 

11 

66 

60 


*>G 

20 

12 

60 

20 

9 

46 

60 


In rapidly growing plants, results were quite different. The re¬ 
moval of the inoculated leaf after 6 minutes did not appreciably de¬ 
crease the percentage of infection as measured by the controls. This 
was true regardless of whether 1, 2, 3, 4, 5, or 6 inches of leaf was 
removed^ and the chances, therefore, teat the virus would move 
6 ilhches m 6 minutes were about the same as that it would move 1 inch 
in 6<iSliunutes. It seems probable that under the conditions of this 
aent virus could have been shown to move more than 6 inches 
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DISCUSSION 

The results obtained in the various experiments outlined in this 
paper are interpreted as indicating a very intimate relationship be¬ 
tween the curly-top virus and the phloem tissue of affected plants. 
Virus is introduced into the phloem by its insect vector. It moves 
.downward from the point of inoculation toward the root system at a 
very rapid rate. Results of leaf-hopper feeding experiments indicate 
that the virus concentration in exudate, believed to be derived largely 
from the phloem, is high as compared with that in expressed juice from 
the entire beet. Virus apparently does not pass from the xylem into 
the phloem or any other tissue in sufficient quantities to cause sys¬ 
temic infection. After it is established in the phloem the evidence 
indicates that it passes into adjacent parenchyma tissue only in very 
limited amounts in the beet, and experiments have failed to demon¬ 
strate that it ever occurs in the parenchyma of two species of tobacco. 
The evidence supporting these conclusions may be worthy of further 
study. 

It is considered probable that the close association of the virus with 
the phloem tissue may have a bearing on the difficulty encountered 
in obtaining infection by mechanical inoculation. The ordinary 
methods of mechanical inoculation undoubted!}' can be depended upon 
to introduce virus into parenchymatous tissue of various kinds, since 
infection Ls induced readily with other viruses by these methods. 
Artificial-inoculation experiments indicate that introduction of vims 
into such parenchyma cells as the leaf hairs of beet, tobacco, squash, 
or bean, never produces infection. Since the varus does not set up 
a systemic infection after its introduction into parenchymatous cells, 
only two other possible courses are open to it. It must either remain 
in these cells and fail to set up a systemic infection or it must be in¬ 
activated by substances resulting from cell injury or by normal con¬ 
stituents of parenchymatous cells. 

In the light of the information now avuiilable, it seems probable that 
if artificial infection is to be obtained in any appreciable percentage 
of the plants inoculated the virus must be introduced directly into the 
phloem. Clearly the introduction of virus into phloem by mechanical 
means is attended with difficulty. Needles that are available for 
introducing virus into plants are large enough to crush many cells, 
and it is probable that the phloem is so badly injured in the process 
of inoculation that the virus does not often become established. Even 
if needles sufficiently fine to penetrate the phloem without causing 
excessive injury were available, they would probably still fall far short 
of the insect vector in effectiveness. Such a needle would necessarily 
carry the virus on the surface, where it would be exposed to the action 
of contents of parenchyma c.ella and to depletion in the passage of the 
needle through tissue exterior to the bundle. Once the needle pene-' 
trated the pfloem, a portion of the virus might be liberated. If the 
needle were withdrawn, the jjhloem content, being under a positive 
pressure, would pass quickly into the cavity that was left, probably 
carrying a part or all of the virus deposited in the phloem back into 
the region of parenchyma. 

The best available method of artificial inoculation seems crude 
when compared with the refinements introduced by the insect veotor. 
The leaf hopper’s stylets are extremely slender and seem to find the 
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phloem with yemerkable accuracy. .4s the stylets pass through the 
parenchymatous regions exterior to the phloem, a protective sheath is 
laid down which may effectually exclude contents of surrounding ^lls. 
After the phloem is punctured the insect remains in a feeding position 
for appreciable periods and may leave considerable deposits of sheath 
material in the vascular area. As the stylets are removed the punc¬ 
ture is probably completely plugged by sheath material. 

Since virus is introduced into the phloem directly by the leaf hopper, 
its movement to certain parts of the beet plant probably starts imme¬ 
diately and is very rapid. Probably the phloem of the growing point 
is invaded in a few hours and the entire phloem network of the plant 
is invaded in a few days. Evidence indicates that under some condi¬ 
tions the virus is closely restricted to the phloem, under other condi¬ 
tions it may escape into the intercellular spaces of the parenchyma. 
Tliis is shown by the occurrence of drops of exudate having a high 
virus content on the petioles of badly diseased beets. Esau (IS) has 
shown that this exudate moves from the vicinity of the phloem to the 
exterior of the petiole through the intercellular spaces. The causes 
of such movements are not clearly understood. 

Crafts (.9) states that the phloem is normally under a positive pres¬ 
sure and suggests that the cambium on one side and the starch sheath 
on the other limit lateral movement of phloem content. It is possible 
that phloem necrosis and the presence of regenerative tissue may inter¬ 
fere with the movement of solutes and increase the pressure in the 
pliloem of diseased beets. This increased pressure may be sufficient 
to force phloem content through the limiting layers into the inter¬ 
cellular spaces of the parenchyma and to the surface of the petiole, or, 
as Esau has suggested, the presence of the virus may render the limiting 
layers more permeable to phloem content. If the cells of the limiting 
layer are rendered m*oro permeable it seems probable that there might 
be a seepage of virus from phloem tissue throughout the plant. If 
the virus is not extruded through breaks in the limiting layer it may 
pass through cells that are rendered more permeable. Whether the 
virus is able to pass from the intercellular spaces into the colls of the 
parenchyma seems doubtful. The failure to obtain infection by 
introducing virus into parenchyma cells and the rapid inactivation of 
virus in expressed juice point to parenchyma as being a very poor 
medium for virus. The failure of leaf hoppers to acquire virus from 
any typo of parenchyma except that immediately below the crown and 
in one instance from parenchyma of the petiole indicates that the 
virus content of parenchyma is very low. The relatively small 
amount of virus ootained by leaf hoppers from expressed juice as 
compared to that obtained from phloem exudate indicates that the 
juice is low in virus content or that the leaf hoppers are much less 
efficient in acquiring virus from expressed juice than from phloem 
exudate. 

The weight of evidence seems to indicate that the virus content of 
parenchyma of beet is very low. The virus present in parenchyma 
may occur largely or exclusively in the intercellular spaces. 

It seems probable that the virus may be even more closely restricted 
to the phloem in the two species of tobacco tested than in sugar beet. 
This is indicated by results of experiments in which the virus was held 
in ^oculated parts in plants in which its further dispersal was de- 
p^l^ent upon its ability to pass through a small amount of parenchym- 
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Atous tissue. In most instances this parenchymatous bridge was 
composed of only a few cells, as in plants in which two rings, an iii- 
temal and an external, 1 incli apart, were placed in an intemode. In 
plants having the internal ring above the external the virus would 
move down the stem in the external phloem 1 inch past the internal 
ring, thus affording an area equal to the linear distance between the 
irings multiplied by the circumference of the internal ring for inward 
movement of virus through the wood or medullary rays to the in¬ 
ternal phloem in which it could pass on down the stem. In plants 
having the positions of the two rings reversed the required movement 
would be from the internal to the external phloem through the wood 
or medullary rays. When it is considered that in these experiments 
active virus was held in the parts above the rings, in some instances 
for more than,a year, with no leakage whatever of virus across the 
rings, the effectiveness of this barrier is apparent. To explain this 
phenomenon it is necessary again to assume that the virus does not 
pass out of the phloem or that it is very quickly inactivated by con¬ 
tact with normal cells of other tissues. 

The close association of the curly-top virus with phloem tissue may 
have an important hearing on the failure of beet seeds to transmit 
disease. Artschwager ( 1 ) has shown that in the development of the 
beet seed there is no direct vascular connection between the mother 
plant and the young sporophyte. Therefore, materials that enter 
the embryo must do so by diffusing through a layer of meristeniatic 
or parenchymatous tissue. Results of experiments showing a lack of 
movement of virus through meristem and parenchyma indicate that 
su(*h a layer would offer a formidable barrier to passage of the virus 
into the embryo, and might easily account for the absence of seed 
transmission of this disease. 

Just how far it is safe to venture in applying this principle to other 
virus diseases is difficult to say. It would seem to go far toward 
explaining lack of seed transmission in all diseases in which the virus 
is restricted to the phloem. It may be important for other virus 
diseases. Nelson ( 20 ) has suggested such an explanation for the 
erratic transmission of bean mosaic. The virus of this disease is not 
known to be restricted to the phloem. It occurs in only a part of the 
seeds from diseased plants. In studying the development of the bean 
seed, Nelson found no direct vascular connection between the mother 
plant and the embryo. He suggests that the virus may be able to 
pass into the embryo through the nonvascular-containing layer only 
when this layer is in a meristematic stage of development. The 
failure of certain seeds to carry virus is accounted for by assuming an 
incomplete distribution of the virus in the phloem. Even with a 
complete virus invasion of the phloem, which may seem more likely in 
plants grown from diseased seeds, it would seem reasonable to suppose 
that the passage of virus through meristem or parenchyma of this 
type may be a hazardous one and successfully accomplished only 
under certain conditions. It is possible that the meristematic or 
parenchymatous layer of tissue separating the mother plant from the 
embryo may offer a structural or chemical barrier to virus passage 
even with such viruses as that of tobacco mosaic, which is known to 
occur in certain types of parenchymatous tissue. 

The rate of movement of virus in sugar-beet leaves is so rapid as to 
call for a consideration of the mechanics of tliis phenomenon. Since it 
seems fairly obvious from data already presented that this movement 
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occurs in the phloem, the possibilities inherent in the solution of this 
problem aremU the more interesting. Under conditions of the greatest 
measured rate of virus movement in sugar beet (6 inches in 6 minutes) 
it seems safe to conclude that there is no appreciable multiplication 
of virus in the plant in so short a time, ana it would not seem that 
multiplication wotild be an appreciable accelerating force in move¬ 
ment. That such movement may result from any autonomous effort 
on the part of the virus particles seems out of the question, since this 
rate is several times greater than the most rapid movement of the 
swiftest moving micro-organisms known. Simple diffusion is infi¬ 
nitely slower than the measured rate of virus movement. Diffusion 
accelerated by protoplasmic streaming in the sieve tubes could ac¬ 
count for no rate approaching maximum movement. 

Certainly none of the foregoing theories will account for this rate 
of movement, regardless of whether virus is considered to be a living 
organized entity or a chemical compound. In spite of these facts it is 
now pretty definitely known to physiologists that certain substances 
move in phloem at a very rapid rate of speed. Mason and Maskell 
{19) calculate a rate of movement of sugars in the cotton plant equal 
to the rate of diffusion of molecules of that size in air. Crafts (JO), 
using figures derived from growth increase in pumpkin and cucumber 
over a stated period, estimates an average linear rate of movement 
of 0.292 and 0.235 cm per minute, respectively, of materials through the 
stem into the fruits. By cutting stems of cucumber and measuring 
phloem exudate, he found that a calculated rate of movement of phloem 
content varying between 3.64 and 8.62 cm per minute could be in¬ 
duced. Crafts (0), in discussing food translocation, suggests that a 
mass movement of elaborated food materials takes place in the 
phloem. This mass mov^ient he conceives as being dependent on 
the creation of a pressure gradient due normally to the increased 
osmotic pressure in the more active photosynthetic areas of the 
plant. This liigh osmotic pressure accelerates the intake of water, 
which in turn increases the hydrostatic pressure in the phloem and 
causes phloem content to move to parts where the pressure is lower. 
In such a system each compound would not move independently of 
other compounds as in simple diffusion, but would move at a rate 
approximating that of the mass as a whole, assuming no selective 
interference in the path of movement. 

Accepting this hypothesis of food translocation, we have available 
a hypothesis of virus movement which seems to satisfy all the known 
conditions of such movement. In a virus movement of 6 inches in 
6 minutes it seems unlikely, as stated previously^, that virus increase 
would be an important factor under any conditions. Therefore virus 
concentration during the first few minutes after introduction is prob¬ 
ably very low, and the virus itself could not function to increase 
appreciably the dsmotic concentration of materials at the point of 
introduction. However, if the hydrostatic pressure of the phloem 
at the point of virus introduction were already high because of an 
abundance of photosynthates, and these photosynuiates were being 
transported at a very rapid rate, the introduced virus particles would 
be carried along at a rate corresponding to the rate of food flow, pro¬ 
vided pf course that mechanical interference were the same for each. 
0lJda* such conditions the virus would move at the same rhte and in 
tte^me dii!ection as elaborated foods in the phloem and would in 
an indicator of the rate and direction of food translocation. 
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SUMMARY AND CONCLUSIONS 

Sugar-beet plants were induced by various treatments to take up 
juice of beets affected with curly top through the water-conducting 
channels, but since none of the plants so treated became infected, it is 
evident that the curly-top virus does not pass from the tracheae into 
cells or tissues where it can become established and initiate pathologic 
symptoms. 

Several other methods of inoculation were tried with inocula pre¬ 
pared in different ways, but an appreciable percentage of infection 
was obtained only when the phloem exudate of a curly-top beet was 
used as the inoculum. 

The vector of the curly-top virus, Eutettix ienellus^ feeds on the leaf 
veins, and its mouth parts usually penetrate the phloem region. As 
the mouth parts are inserted the insect lays down a sheath of appar¬ 
ently gelatinous material which completely incases the stylets. Tliis 
sheath may seal off all cells penetrated that are external to the phloem, 
and thereby protect the virus as it is passed into or drawn out of the 
phloem by the leaf hopper. 

The higher mortality rate in groups of leaf hoppers on parenchyma 
tissue, as compared with mortality in groups on tissue containing 
vascular elements, indicates that parenchymatous tissue does not 
serve as a favorable source of food. However, leaf hoppers having 
access to parenchyma lived longer than those given neither food nor 
water, indicating that they extracted a certain amount of material 
from parenchyma. Leaf hoppers given access to parenchyma tissue 
of petioles and crowns and to pith and immature seeds, all from dis¬ 
eased beets, and then caged in groups of 5 on healthy beet seedlings, 
infected only 10 of 428 plants. An equal number of insects from 
tissue containing vascular elements infected 210 of 428 plants. These 
results supplement other evidence supporting the view that virus is 
concentrated in the phloem and is present only in relatively small 
amounts in the parenchyma. Since in sugar beets affected with curly 
top, phloem content escapes into the intercellular spaces of paren¬ 
chyma tissue s\irrounding the vascular bundles, it is suspected that 
the virus recovered from the parenchyma may have been derived from 
escaped phloem content. 

The exudate occurring on the petioles and blades of beets affected 
by curly top and that from the cut surface of affected beets has a high 
virus content. Evidence indicates that the exudate that occurs 
naturally on the petioles and blades is derived largely from the phloem 
and that the exudate from the cut surface of the beet is derived from 
the phloem except as it may be contaminated by an undetermined 
amount of material from the xylem and from injured cells mainly 
parenchymatous in nature. 

Healthy sugar-beet and tobacco plants were infected by grafting 
diseased plants on them. Beets were not infected when union of the 
grafted plants did not result. In the grafted tobacco plants a definite 
union consisting of meristematic tissue was found after 3 days. In 
unions 7, 8, and 9 days old, tracheal elements were apparently mature 
and strands of elongated cells paralleling the tracheae probably 
included functional phloem. No infection resulted until the seventh 
day. Infection increased from 27 percent on the seventh day to lOO 
percent on the twelfth day. In view of the fact that the virus does 
not gain effective entrance through the tracheae and did not in these 



700 


Journal of Agricultural Research 


VoK 48, no. 8 


efxperiments pass through meristematic or parenchymatous tissue, it 
must have passed the graft union through the phloem elements. 

Ringing experiments with Nicotmna tabacum and N. glauca showed 
that the virus passes all rings bridged by an uninterrupted path of 
phloem, internal or external or internal and external combined. The 
virus failed to move past the rings when the internal and external 
phloem were removed at the same level. Interruption of phloem 
continuity by rings placed at different levels in an internode prevented 
the passage of virus in 20 of 27 N. tabacum plants and in 26 of 30 N. 
glauca plants. Serial sections of the ringed area in all the plants in 
which the virus passed the rings showed in each case one or more 
areas of regenerated tissue connecting the internal and external phloem 
through the woody cylinder. In view of these findings it seems prob- 
tible that virus does not move longitudinally or radially through any 
of the normal elements of the woody cylinder and that dispersal in 
these two species of tobacco is dependent on the presence of con¬ 
tinuous phloem elements. 

The movement of the curly-top virus in tobacco is relatively slow 
as compared to the movement in sugar beet. The fastest movement 
observed in tobacco was downward from the point of inoculation at 
the top of the plant to a point 24 inches below in 48 hours; a rate of 
movement of one half inch per hour. 

In sugar beet the virus moves at a much more rapid rate. At air 
temperatures of approximately 85°, 110^, and 135° F. the virus 
moved outward in cotyledons from the point of inoculation a distance 
of 1 inch in 2 minutes. In larger beets the virus moved downward 
from the point of inoculation at the distal end of a leaf to a point 6 
inches below in 6 minutes, a rate of movement of 60 incljes per hour. 
These rapid moveme/its of virus evidently occur in the phloem and it 
is suggested that they indicate a rapid translocation of plant materials. 
For these reasons virus may prove useful as an indicator in studies on 
the movement of elaborated foods. 
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CHEMICAL COMPOSITION AND YIELD OF THE ALASKA 
PEA AS INFLUENCED BY CERTAIN FERTILIZERS AND 
BY THE STAGE OF DEVELOPMENT ‘ 

, By Samuel L. Jodidi, physiologistf and Victor R. Boswell, senior horticulturist^ 
^ Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry^ 
United Slates Department of Agriculture 

INTRODUCTION 

It is believed by many canners and growers of peas for the cannery 
that if potash in appreciable amounts is present in the fertilizer ap¬ 
plied to a pea crop the peas will mature earlier and be harder, more 
starchy, and of lower quality at a given stage of development than 
if no potash or only a small amount is used. Boswell (S, 4) ^ con¬ 
ducted fertilizer experiments in three different parts of Maryland 
over a period of 3 years and used, among other materials, muriate of 
potash alone and in combination with nitrogen and phosphorus. 
All treatments >vere duplicated each year. Mthough he made no 
chemical analyses of the peas, field observations led liim to conclude 
(4) p* 352) that— 

Muriate of potash, alone or in coiribinatiou with nitrogen and pliosphorus, has 
given no consistent results with respect to yield, rate of maturity, or apparent 
condition of the crop at harvest. The opinion that potash hastens maturity 
and low'ers the quality of the crop has not been borne out in this work. 

Later Sayre and liis associates {23) made exhaustive chemical and 
physical examinations of peas grown under a great variety of fertilizer 
treatments m the field and in water cultures. They devoted special 
attention to the effect of pottish upon rate of maturity and quality 
of peas. In their conclusions it is stated: ^‘In spite of this wide 
variety of conditions, only minor differences in quality of peas oj 
the mine stage of growth have been obtained.” They further conclude: 
*^Thus far, the belief that potash has a harmful effect upon the 
quality of the crop appears to be ill-founded.” 

Earlier work of one of the present writers {4) indicated the desira¬ 
bility of determining by more accurate methods than had previously 
been used the effect of potash and other fertilizer constituents upon 
the development of the pea as indicated by its chemical composition. 
Nitrogen fertilizers appeared to be of special interest, since earlier 
observations had suggested that a generous use of available nitrogen 
tends to delay maturity and to improve the quality of the pea. 
Accordingly, studies were made to determine the effect of certain 
fertilizers and of the stage of development on the composition and 
yield of peas. 

GROWING AND HANDLING EXPERIMENTAL MATERIAL 

FIELD-PLOT METHODS 

The Alaska variety of pea {Pimm sativum L.) was used in these 
studies, Work was carried on at the Arlington Experiment Farm, 
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Rosslyn, Va., in 1930 and 1931. Ail treatments were in du]:)licate, 
and each consisted of an application of a single fertilizer constituent. 
The treatments and rates of application per acre were as follows: 

N.—Nitrate of soda 400 pounds and sulphate of ammonia 280 pounds 
(about 116 iK)unds of nitrogen). 

P.—Superphosphate 1,000 pounds (about 160 pounds of phosphoric acid). 

K.—-Muriate of potash 300 pounds (about 144 pounds of potash). ‘ 

C.—Check; no treatment. 

The quantities of fertilizers used per acre were in excess of those 
employed in growing peas for the canneiy, the object being to produce 
measurable differences in the composition of the products. In order 
to overcome as far as possible any definite gradient in soil conditions 
that might exist, the eight plots were arranged as follows: 


Potasli 

Check 

Phosphorus 

Nitrogen 

Check 

Phosphorus 

Nitrogen 

Potash 


The fertiUzing materials were applied by hand after the soil had 
been plowed and disked once. They were then worked in by further 
disking and harrowing, care being taken to avoid dragging soil from 
one plot to another. The peas were sown with a garden drill at a 
depth of 1 to 1K inches. 

In 1930 the plots were located on a moderately fertile area of 
artificial land which h(jd been dredged from the Potomac River and 
which was apparently of a silt-loam character. Eac^h plot was 53 by 
33 feet. The rows were 14 inches apart, sown at the rate of approxi¬ 
mately 4 bushels of seed per acre. A border of 1 row along the 
sides and a width of 1 foot at the ends of each plot was left unharvested. 
In 1931 the same plots and treatments were used as in 1930. One 
tier of 4 plots was sown in rows ? inches apart, at the rate of 4 
bushels of seed per acre; the other tier was sown in 14-inch rows, at 
the rate of 2 bushels per acre. In 1930 the fertilizers were applied 
and seed sown on March 18, and the peas were harvested on May 28 
and on June 2. In 1931 the plots were fertilized and sown on April 10’ 
and the peas harvested on June!) and June 10. 

HARVESTINQ, GRADING, AND DRYING 

In both 1930 and 1931 a power-driven pea huUer, a hand-driven 

S ader, and a specially constructed drier not only permitted the use of 
rge and adequate Samples but also very greatly reduced the time 
from harvest to complete dryness of the material. 

The drier consisted of an asbestos-board cabinet 6 feet high, 4}i feet 
wide, and 2K feet deep, inside measurement, with the entire front 
made of double doors which opened at the center. The outside was 
covered with a one half inch layer of builders’ insulating material. 
Tep. shallow trays 4 feet long ana 2% feet wide rested upon jioiizontal 
ironrrod supports. The bottoms of the trays were of 8-mesh hard¬ 
ware Each tray was supported by three thiae-eighth inch rods 
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whic.h prevented the sagging of the center of the large screen-wire 
bottom. There was a 3-inch “head space” between trays. The 
opposite ends of alternate trays were placed against the side walls 
when the drier was in operation, thus forcing the hot air to travel over 
each tray that carried material to be dried. 

Inimediately to one side of the cabinet and connected with it by an 
opening near the base were two low-form, five-column, common 
steam radiators each of 50 square feet radiation. Over these radiators, 
which were enclosed in an asbestos-board housing, a strong current 
of air was forced by a centrifugal blower of a capacity of 1,500 cubic 
feet per minute driven by a three-horsepower electric motor. With 
a steam pressure of 15 pounds per square inch in the radiators, a 
temperature of 60° to 65° C. could be maintained in the cabinet 
during the diwing of a considerable mass of plant material. In the 
brief period of 3 to 4 hours 25 to 30 pounds of peas were dried to such 
a degree that they rattled when handled. The material to be dried 
had to be spread very thinly and uniformly on the trays and moved 
carefully about from time to time to obtain satisfactory results. 

At each harvest date the peas from one half of each plot W'erc 
gathered; all pods were removed from all plants scheduled for harvest 
on that date. The duplicate or second series of plots was harvested 
in reverse order to the first, since ail plots could not be harvested 
simultaneously. In most instances the samples of shelled peas were 
placed in the drier within 3 to 4 hours after the pods were harvested. 

FIELD RESULTS 

YIELD 

The yi(>ld data are of secondary importance, since the treatments 
were made for a specific purpose other than for increasing yields and 
were of a character that ordinarily would not be recommended in 
field i)ra(‘ticc. However, the yield data, presented in table 1, indi(‘ate 
the growth relationships due to the various treatments and the 
general level of nutritional conditions under which the studies were 
made. Individual plots of the duplicate treatments arc designated 
A and B. 

Even though small differences appear between the total yields of 
fresh shelled peas from the various treatments in 1930 and 1931, they 
are of no significance, for the. differences between duplicates are in 
general greater than between treatments. The absence of material 
differences m yield is not what one might expect but possibly mav be 
accounted for in part by (1) the liigh fertility of the soil to wliich 
treatments were appliecJ, and (2) by injury from excessive amounts 
of readily soluble nutrient salts. The latter suggestion carries little 
weight because no definitely injurious effects were noted except in 
the nitrogen-treated plots of 1930. Furthermore, in market-garden 
areas peas are heavily fertilized without injury. A late frost in 1930 
injured the nitrogen-treated plots rather severely, but the others were 
not appreciably harmed, iurther evidence of' the lack of fertilizer 
injury was afforded by yields of similar plots in 1931. Germination 
of the pea is known to be adyersely affected by excessive concentra¬ 
tions of.fertilizer salts, but no damage was noted in any of these plots. 
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Tabi>£ L —Yield per acre of shelled peas [fresh vmgkt) as affected hy potash^ phos^- 
pkoric add, and nitrogen in 1930 and 1931 


1830 CHOP 


Yield from treatment indicated 


Harvest and grade no. 


Harvest of May 28: 


All grades. 


Average, A and B. 
Harvest of June 2 


Average, A and B. 


All grades. |g* 




Phoe- 


Check 

Potash 

phoric 

Nitrogen 



acid 


Ptmnds 

Pmtnds 

Pmnis 

Ptmnds 

88 

158 

167 

51 

118 

112 

179 

135 

182 

140 

218 

79 

236 

282 

250 

108 

148 

ss 

195 

103 

136 

374 

213 

73 

38 


48 

19 

30 

68 

41 

31 



12 

24 

468 

362 

' 640' 

276 

620 

846 

68:) 

348 

484 

604 

662 

312 

85 

75 

86 

71 

75 

98 

74 

37 

185 

168 

144 

80 

140 

212 

141 

1 120 

313 

234 

601 

381 

434 

352 

1 573 

155 

401 

154 

321 

190 

185 

328 

567 

173 

145 

80 

68 


112 

136 



1,128 

711 

1,2^ 

738 

846 

1,127 

1,355 

485 

1,038 

918 

1,288 

612 


Harvest of June 6: 


All grades. 


Average, A and B. 
Harvest of June 10: 


Average, A and B.. 


Allgrad«i. 
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In 1930 phosphoric acid produced a definite increase in yield. • In 
1931 the same plot with the same phosphorus treatment also showed 
an increase of appreciable magnitude (table p. 

It should be borne in mind that these increases in yield were 
obtained on a soil dredged from the river. In past years it had received 
moderate applications of manure and green manure and may have 
been relatively low in phosphorus. Other field exi^eriments in nearby 
Maryland have not shown phosphorus to be markedly effective in 
increasing the yield of peas. As previously explained, the low yield 
of the nitrogen plot in 1930 is believed to have been due to frost 
injury while the peas were in an early stage of ^owth. In 1931 
nitrogen and potash applications resulted in no significant differences 
in yield. 

MATURITY 

In this investigation the possible effect of nutrients upon rate of 
development and properties of the peas is of more interest than the 
effect upon yield. 

In this work the rate of development or stage of maturity has been 
judged on the basis of distribution of sizes of peas in the pods. This 
IS the basis used by canners’ field men in determining when a field 
has attained the proper stage for harvesting. In order to reduce the 
expression of maturity to a single numerical value, the percentage of 
the yield of a plot constituted by each grade was multiplied by an 
arbitrary weighting, for convenience, equal to the standard grade 
number. The sum of these products of a single harvest is designated 
as a “maturity index” (4). Sayre and his associates {^S) have 
suggested, since the present work was begim, that as an index to 
(}uality tliis maturity index is less reliable than their “quahty index. ” 

The latter is calculated by summing the, products obtained in 
multiplying the ])ercentage of yield constituting each grade by the 
numerical value of the crushing test for that grade. However, since 
stage of development is commonly judged by distribution of sizes, 
and since this work was designed to study the pea as generally handled 
in field practice, the above-described maturity index is believed to be 
better adapted to the present investigation. 

Table 2 shows the distribution of sizes of shelled peas of each harvest 
from each plot as well as the maturity indices for each plot and for 
the total yield of duplicate plots of each treatment. No appreciable 
consistent differences in maturity resulted from the treatments. The 
same was true when adjacent different treatments were compared in 
the field. In one comparison the difference was in favor of one plot, 
and, more often than not, the relationship was reversed in the second 
comparison. Wlien the indices for the total plot area of each treat¬ 
ment are compared, they are found to be quite similar for any one 
harvest date. 

There was no evident difference in the time of blossoming of the 

E lants in any of the several plots. Thus, earlier observations in the 
eld, and the reports of other investigators (4, 28), appear to be 
con&med under additional and quite different conditions as reported 
in this paper. 
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TABig£ 2 .—Influence of potashy phosphoric acidf and nitrogen upon stage of 
maturity of peas at harvest in 19S0 and 1981 

1930 CROP 


Flarvest and grade no. 

Harvest of May 28; 

1 and smaller. 

2 . 

3 . 

4 .-. 

5 . 

Maturity index.. 

Maturity index of total A and B. 

Harvest of June 2: 

1 and smaller. 

2 . 

3 . 

4 . 

6 . 

Maturity index. 

Maturity index of total A and B. 

Harvest of June 6: 

1 . 

3 . 

4 .,.- 

Maturity index... 

Maturity index of total A and B-. 

Harvest of June iO* 

1... 

2... 



5. 


Maturity index. 


Yield from treatment indicated 


Plot 

Check 

Potash 

Phos¬ 

phoric 

acid 

Nitrogen 


Percent 

Percent 

Percent 

Percent 

/A. 

20.98 

43.70 

26. Cl 

18.37 

\B. 

22.70 

13.20 

26.20 

38.80 

/A... 

38.88 

40.35 

34.11 

28.55 

\B..-. 

45.29 

34.48 

36.60 

31.40 

(A. 

31.79 

15.93 

30.50 

37.52 


26.20 

44.24 

31.20 

21.06 

/A. 

8.86 


7.48 

6.98 

\B. 

5.80 

8.07 

6.97 

8.74 

/A .. -. 

\B.. 



1.89 

8.58 

/A. 

228 

172 

216 

259 

iB...... 

215 

247 

217 

200 

. 

22] 

226 

221 

226 

/A. 

7.60 

10.54 

7.04 

9.63 

\B.-..- ... , 

7.99 

8.78 

5.44 

7.61 

/A.. 

16.42 

23 63 

11 78 

10.81 

IB.. 

14.80 

18.81 

10. 43 

24 75 

/A. 

1 27.72 

32.92 

49.35 

53 00 

IB .. 

45.86 

31.20 

42.27 

31.90 

A . 

36.53 

21.69 

26.30 

26. 66 

iB . 

19.57 

29.08 

41.85 

35. 76 

/A . 

12.81 

11.23 

5.55 


\B. 

11.83 

12.09 



/A.. 

330 

300 

312 

293 

IB.. 

313 

317 

321 

296 


322 

310 1 

316 

I 296 


1931 CROP 


/A. 

15.71 

26.02 

27.08 

15. 74 

IB. 

17.69 

15,08 

20.67 

15 97 

/A - _ 

39.42 

45.56 

44.33 

37,30 

IB.. .. . 

41.60 

43.82 

45.44 

46. 55 


35.36 

24.92 

24 19 

34.20 

\B.r 

35.30 

33.90 

29.51 

31.94 

(A. 

9.52 

3.49 

4.41 

12.76 

\B.. ..- 

• 5.49 

7.19 

4.30 

5.53 

|A... 

239 

206 

206 

244 

iB,.-- __ 

229 

233 

217 

227 

. 

233 

224 

212 

236 

/A. 

7.19 

8.79 

8.52 

! 6.48 

IB. 

13.30 

7.72 

13.33 

12.15 

/A. 

22.76 

I 24.51 

17.82 

19.49 

\B. 

31.61 

1 23.52 

35.23 

29.28 

fA. 

38.40 

35.82 

40.05 

36.51 

iB. 

39.20 

42.48 

37.72 

41.26 

/A. 

so.m 

29.67 

31.16 

35.78 

\B. 

15.90 

25.49 

13.37 

16.74 

[A. 

.96 

1.20 

2.45 

1.73 

\B. 

1 .00 

.80 

.34 

.59 

iA. 

295 

290 

301 

307 

\B. 

i 268 

288 

262 

264 


Maturity index of total A and B. 


274 


289 


276 


283 
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PHYSIOLOGICAL STUDIES 

Chemical analyses in connection with studies similar to those herein 
recorded have often been reported and discussed on the basis of oven- 
dry matter. Such a method of presentation has its proper applications, 
but alone would not be suitable here for the following reasons: (1) 
The study was designed to show the development and composition of 
fresh peas in response to certain field practices, therefore the results 
must be considered as they apply to fresh material; (2) peas grown in 
the garden or for the cannery are consumed on the fresh-weight basis, 
i.e., in the moisture-containing condition, so their composition as 
affecting nutritional value should be expressed on that basis; and (3) 
the results of this work when expressed on the dry-weight basis lead to 
conclusions' for the most part opposite to, or quite different from, 
those reached when analyses are expressed on the fresh-weight basis. 
Consequently, analytical data are presented on both a fresh- and a 
dry-weight basis, but are discussed mainly on the fresh-weighl basis. 
Certain facts are revealed which heretofore have not been plainly 
evident from the work of others who have reported their results on 
the basis of oven-dry matter only. 

DRY MATTER 

After the peas had been harvested, weighed, shelled, and graded, 
they were subjected to preliminary drying at 60° to 65° C. for 24 
hours in the specially designed forced-draft drying apparatus already 
described. After drying, the samples were left for a few days in a 
drj’^ room with access to (he air, before they were weighed. This W'as 
done to reduce errors that might aiise from the absorption of moisture 
during subsequent handling and grinding. The samples were ground 
to pass a 40-meah sieve, and stored in tightly stoppered bottles until 
analyzed. The moisture content of the air-dry samples that had 
been dried in a preliminary way in the forced-draft apparatus was 
dctennined by drying them in an electric oven at a temperature of 
103° to 105°, until constant weight was obtained. The results are 
recorded in table 3. 

Table 3 shows that the percentage differences in the dry-matter 
content of pea samples grown in differently treated plots are imig- 
nificant, being mostly smaller than the percentage differences betwojn 
samples from duplicate plots. For instance, the mean dry-matter 
percentages of grade 2, 3, and 4 peas from the untreated plot shown 
oy samples 1, 3, and 5 and their duplicate samples 2, 4, and 6 are 
22.37 and 22.87, respectively, making a difference of 0.50 percent. 
On the other hand, the difference between the dry-matter content of 
samples 2, 4, and 6 from the untreated plot (22.87) and from the 
potash-treated plot (23.14) is only 0.27 percent. 
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Tab^ 3 .—Percentage of oeenrdry matter in the Alaska pea as affected by different 
fertilizer b;* determined on the hasia of fresh weight, 19S0 and 1931 

1930 CROP 





Pry matter from treatment indicated 

Harvest and sample 

Grade 

Plot 





no. 

no. 




Phos- 





Check 

Potash 

phoric 

acid 

Nitrogen 

Harvest of May 28: 



Percent 

Percent 

Percent 

Percent 

1.1 

2 

A.._. 

20.46 

21.06 

20.73 

20.68 

2. 

2 

B. 

21.03 

21.05 

21.34 

21.03 

! 


Average.. 

20.74 

21.06 

21.03 

20.85 

3.. 

3 

A_-.‘ 

22.73 

23.56 

22.30 

21,74 

4. 

3 ; 

B.1 

23.48 

23.21 

23.34 j 

22.84 



Average.. 

23.10 

23.38 

22.82 

22.29 

5. 

4 

A... 

23.92 


23.97 

22.78 

6. 

4 

B... 

24.10 

25.16 

25. 19 

23.63 


1 

Average..-. 

24.01 

26.16 

24.68 

23.20 



Average (1-6). 

22.62 

22.81 

22 81 

22.11 

Harvest of June 2: 







7. 

2 

A. 

1 23.78 

24.48 

26. 17 

22.81 

8. 

2 

B .-. 

24 90 

24 44 

2.5.69 

24.84 



Average. 

24.34 

24.46 

25.43 

23 82 

fl _ 

3 

A. 

27.70 

27.76 

27 88 

25. 25 

10. 

3 

B. 

28.45 

28.03 

29.08 

28.47 



Average... 

28 07 

27.89 

28.48 

26.86 

11. 

4 

A. 

29.41 

29.53 

30 27 

29 33 

12. 

4 

B. 

31.17 

29v92 

31.39 

29 76 



Average. 

30.29 

29 72 

30.83 

29.54 



tAverage (7-12). 

27.67 

27.36 

28.25 

26.74 



Average (1-12)--. 

25.09 

25.30 

25. .53 

24.43 


1931 CROP 



ASH CONTENT 


The kshing of the pea samples was effected in an electric muffle at 
a dull red heat, untu constant weight was obtained. The ash was 
ifrlnte and fluffy. In no case was trickling allowed to occur. The 
percentages of ash in the various pea samples are recorded in table 4. 
In view of the importance of the ash content in foodstuffs (5), the 
following r^ularities are pointed out. 

ash Content was greater in the riper large-sized peas than in 
fhe uiv^ small-sized peas from both the 1930 and 1931 crops, 
aHhouj^lk did not increase in proportion to the dry matter. Thfe 
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was true of all samples from a sinrie plot at one harvest with but .one 
exception. Another regular trend revealed by the ash results is that 
without exception peas of the same grade from the same plot but 
harvested later had a larger ash content than those harvested earlier. 
This increase in ash in the later harvested peas is most closely asso¬ 
ciated with increase in total dry matter; however, on the dry-weight 
basis the ash content ordinarily decreases with the size and age of the 
peas. It seems reasonable to ascribe this decrease to the fact that 
as the growth of the peas progresses the proportions of organic reserve 
substances such as carbohydrates and proteins increase more rapidly 
than the proportions of ash from the soil. 

Table 4. —Percentage of total ash in the Alaska pea as affected by different fertilizers; 
determined on the basis of fresh and oven^dry weighty 1930 and 1931 

1930 CROP, FRESH WEIGHT 


Ash from treatment indicated 


Harvest and sample 
no 

Grade 

no. 


Plot 



! Phos- 






Check 

Potash 

phoric 

acid 

Nitrogen 

Harvest of May 28 

1 . 




Percent 

Percent 

Percent 

Percent 

2 

A. 


0 771 

0.811 

\ 0.771 

0 781 

2. 

2 

B. 


.751 ^ 

.810 

.785 

776 












Average. 

.761 i 

.813 

.778 

.778 

3. 

3 

A. 


.816 1 

841 

.800 

.787 

4 . 

3 

B. 


.794 ! 

.850 

.822 

.827 












Average. 

.805 

.845 

.811 

.807 

5. 

4 

A- 


.854 


.851 

.793 

6. 

4 

B. 

i 

.816 

.900 

.881 

.827 




Average. 

.835 i 

.900 

.866 

.810 




Average (1-6). 

.800 

.844 

.818 

.798 

Harvest of June 2 





i 



7.. 

2 

A. 


.855 

.862 

.825 

.840 

8. 

2 

B. 


.859 

.932 

.860 

.832 












Average,.. 

.857 

.897 

.842 

.836 

9_. .. 

3 

A. 


.942 

.922 

.911 

1 .883 

w. 

3 


. - . 

.934 

I 1.026 

.922 

! . 922 




Average. 

.938 

.974 

.916 

.902 

n . 

4 

A, 

• 

.982 

.978 

.962 

.997 

12. 

4 

B- 


.992 

1.069 

.986 

.955 


i 


Average.— 

.987 

1.023 

.974 

.978 


j 


Average (7-12). 

.927 

.965 

.911 

.m 




Average (1-12). 

.863 

.910 

.864 

.851 


1931 CROP, FRESH WEIGHT 


Harvest of June 10: 







13. 

2 

A.-. 

0.915 

0.916 


0.923 

14. 

2 

B. 

.907 

.906 

. 


.959 



Average. 

.911 

i .911 


.941 

15. 

3 

A. 

1.015 

! .987 


1.026 

16..... 

3 

B. 

.986 

.978 


1.024 



Average. 

1.001 

.983 


1,025 

17. 

4 

A. 

1.110 

1.074 


1.167 

18. 

4 


1.039 

1.047 


1.080 

. 



Average. 

1,075 

1.061 


1.124 



1 Average (13-18). 

.995 

.986 


1.030 
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Table 4. —Percentage of total ash in the Alaska vea as affected by different fertilizers; 
determined on the basis of fresh and of oven-ary 1930 and 1931 — Contd. 

« 

1930 CROP, OVENDRY WEIGHT 


Harvest and sample 
no. 

Grade 

no. 

Plot no. 

Harvest of May 28: 

1. 

2 

A.. .. 

2. 

3.-. 

2 

3 

B. 

Average . 

A. 


=> 

B.. . 

Average... 

5.. . - 

4 

A . .. 

6. 

4 

B . ... 

Average.. 

Average (1-8). 

Harvest of June 2: 



7.. 

2 

A.,.-.. . 

8.- . 

2 

n. 

Average . 

9. 

3 

A. 

10. 

3 

B. .. 

Average.. 

11. 

4 

A.‘ . 

12. 

4 

B... 

Average. 

Average (7-12). 



Average (1-12).. . ... 


Ash from treatment indicated 


1931 (^ROP, OVEN-DRY WEIGHT 


Harvest of June 10: 

13 . 

14 . 


Average. 


3 A-,.. 

3 B,.. 


Average.. 

Average (13~18). 


Check 

Potash 

Phos¬ 

phoric 

acid 

Nitrogen 

Percent 

Percent 

Percent 

Percent 

3 77 

3.85 

3.72 

3.78 

3.57 

3 88 

3.68 

3.69 

3.67 

3.87 

3.70 

3.74 

3.59 

3.57 

3.59 

3 62 

3.38 

3.66 

3.52 

3.62 

3.49 

3.62 

3.56 

3 62 

3 57 


3.55 

3.48 

3 37 

3.58 

3 50 

3 60 

3.47 

3.58 

3 53 

3.49 

3.54 

3.71 

3.59 

3.62 

3.60 

3.52 

3.28 

3 68 

3.45 

3 81 

3 35 

3.35 

3 53 

3. 67 

3.32 

3 52 

3.40 

3.32 

3. 27 

3.50 

3.28 

3 66 

3.17 

3 24 

3.34 

3 49 

3 22* 

a. 37 

3 34 

3 31 

3 18 

3.40 

3.18 

3.57 

3 14 

3 21 

3.26 

3 44 

3.16 

:i 31 

3.38 1 

3 53 

3.23 

3 40 

3 46 

3.61 

3 41 

3 51 

EIGHT 

4.27 

4.21 


4.13 

4.06 

4.02 

. 

4.32 

4.17 

4.12 


4.23 

3.81 

3.75 


3 80 

3.69 

3 57 


3.88 

3 75 

3.66 


3.^84 

3.69 

3,61 


8.82 

3.54 

3.46 

. 

3.53 

3.62 

3.54 


3.68 

3.84 

3.77 


3.91 


I The difference between the ash content of peas grown in fertilized 
and unfertilized soil is rather insignificant, in most instances being 
about equal to, or even less than, the (hfference in the ash content of 
peas grown in duplicate plots. The differences in mean ash content 
of the phosphorus- or nitrogen-tieated lots as compared with the 
untreated ones are certainly insignificant. It appears, however, that 
the potadi-treated plots harvested 28,1930, showed a significant 
but smalljncrease over the checks. In the harvests of June 2, 1930, 
andTJuniie 10,1981, when the peas were at the stage usually harvested 
for Uie cannery, this difference was less striking and, indeed, was of 
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tloubtful consequence. The mean ash content of the samples from 
the phosphorus- and nitrogen-treated plots of this latter harvest are 
in remarkably close agreement with the check. 

For the qualitative examination of the ash a few grams of the peas, 
grade 3, which were grown in soil not treated with fertilizer (table 4, 
.no. 3, fresh-weight basis) were ashed in an electric muffle oven. The 
\sh obtained was partly insoluble in cold and hot water but dissolved 
readily with the addition of a few drops of hydrochloric, nitric, 
sulphuric, or phosphoric acid. The ash was found to contain the 
following elements: Aluminum (large amount); iron, both ferric and 
ferrous (very little); calcium, magnesium, potassium (large amount); 
sodium (trace); the acids sulphuric, phosphoric (large amount), and 
hydrochloric (trace). 

. ETHER EXTRACT 

Ordinarily 5- or 10-g portions of the finely ground peas were dried 
in an oven at 100° C. for 1 hour, after which they were transferred to 
fat-free paper thimbles and covered with fat-free cotton. The 
thimbles were than placed in the Soxhlet extraction apparatus, in 
which the substance was extracted with anhydrous ether for 5 hours; 
the ether was then driven ofl‘, the residue in the previously weighed 
extraction flask dried at 100° for 1 to 2 hours, cooled, and weighed. 

Table 5. —Percentage of ether-soluble substances in the Alaska pea as affected by 
different fertilizers, determined on the basis of fresh and of oven-dry weight 

1930 CROV, FRESH WEIGHT 


Sample no. 


Grade 

no 


Harvest of May 2S. 

1 .- -- -- 2 

2 .. 2 


A. - 

B - 


Plot 


.3 . 
4 


Average 


3 A.. .. 

3 B.. 


5 . 

6 . 


Average .. - 


4 .. 

4 B... . _ 


Harvest of June 2; 

7 .-. 

8 . 


9 .. 

10 


11 . 

12 


Average. 

Average (1-6). 


A.. -. 

B. 

Average- 

A. 

B. 


Average. 


4 

4 


A, 

B. 


Average. 

Average (7--12) 
Average (J-12) 


Kther-.solublesubstance.s from treatment 


indicated 




Phos- 


Check 

Potash 

phone 

acid 

Nitrogen 

Percent 

Percent 

Percent 

Percent 

0.344 

0.411 

0. 346 

0 372 

.318 

440 

.414 

.385 

.331 

425 

.380 

.378 

.382 

.396 

370 

.348 

. 38r> 

427 

.387 

. 375 

.383 

.411 

.378 

361 

. 335 


.347 

.369 

.340 

433 

347 

. 359 

.342 

.433 

347 

.364 

.352 

.421 

.368 

368 

.378 

1 .392 

. 373 

.383 

.428 

411 

.m 

.40) 

.403 

.401 

.378 

.394 

.421 

.419 

.398 

.381 

435 

1 .460 

.419 

.407 

.428 

.439 

.408 

.394 

.424 

.446 

.412 

.423 

.436 

464 

.424 

.432 

.430 

. 455 

.418 

.427 

.420 

.432 

.401 

.405 

.386 

.427 

1 

.384 

1 

^'.386 


e«578—34-4 
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Tablb 5. —Percentage of ether-Boluhle substances in the Alaska pea as affected Vy 
* different fertUizers; determined on the basis of fresh and of oven-dry weight —Con, 


mi CROP, FRESH WEIGHT 


Sample no. 

Grade 

no. 

Plot 

Ether-soluble substances from treatment 
indicated 

Check 

Potash 

Phos¬ 

phoric 

acid 

Nitrogen 

Harvest of June 10: 

13. 

2 

2 

3 

3 

4 
4 

A 

Percent 

0.388 

.305 

PerccTti 

0.361 

.368 

Percent 

Percent 

0.346 
.333 

14. 

B..-. 


Ifi. 

Average... 

A.-. 


.302 

.365 


.340 

.469 

433 

.410 
. 302 


.405 

.375 

16.-. 

17... 

18. 

B.-.- . 

Average.. 

A...... 


.451 

.401 

. 

.390 

.493 

.476 

.464 i 
.472 


.458 

.450 

B —. 



Average.... 

Average (13-18). 

. 1 

.485 

.442 

.468 

.411 


.459 

.396 


1930 CROP, OVEN-DRY WEIGHT 


Harvest of May 28: 

1 






1. 

2 

A 

1 68 

1.95 

1 67 

1 80 

2... 

2 

B.. 

1.51 

2 09 

1.94 

1.83 










Average. 

J.60 

2.02 

1.81 

1.82 

3. 

3 

A.. 

1.68 

1.68 

1.6i) 

1.60 

4.. 

3 

B. 

1.64 

1.H4 

1 66 

1.64 



Average. 

1 66 

1 76 

1.66 

1.62 

5. 

4 

A.-.. 

1.40 


i 1.45 

1 62 

6. 


B.-. . . 

1.45 

1.72 

1.3K 

1 52 



Average.-. 

1 43 

1 72 

i 1.42 

1 57 



Average (1-6). 

1 56 

1 86 

i 1.03 

1 67 

Harvest of June 2: 






--- 

7. 

2 

A. 

1.59 

1.60 

1.48 

1.68 

8. 

2 

B. 

1. 72 

1.68 

1.49 

1.63 










Average. 

1.66 

1.64 

1 49 

1.66 

9... 

3 

A.A. 

1.52 

1.40 

l7i3 

1.51 

10. 

3 

B.-. 

1.53 

1.64 

1.44 

1.43 



Average.- - 

1.53 

1.57 

1.44 

1.47 

11. 

4 

A... 

1.44 i 

1.51 

1.36 

1.44 

12. 

4 

B... 

1.40 

1.55 

1.35 

•1.45 



Average. 1 

1.42 

1.53 

1.36 

1.45 



Average (7-12). 

1.53 

1.58 

1.43 

1.52 



Average (1-12). 

1.55 

1.70 1 

1.53 

1.60 


1931 CROP, OVEN-DRY WEIGHT 







































































Apr. w, 1934 Chemical Composition and Yield of the Alaska Pea 715 


By reference to table 5 it will be seen that, in the early stages' of 
development, the percentages of the fat (ether extract) determined on 
the fresh-weight basis show no consistent relation to the grades (azes) 
of the pea samples. This is probably due to differences in maturity of 
peas even of the same size in different plots. In the harvest of June 2, 
,1930, the larger sizes show, with one exception, a higher fat content 
than the next lower size. The same is true of the harvest of June 10, 
1931. These differences are often quite small and of doubtful 
importance, but they are consistent. 

It is evident from table 5 that peas of the same grade but harvested 
at a later date have, in general, a higher fat content than peas har¬ 
vested earlier. Generally spealcing, the percentages of ether extract 

E arallel the percentages of ash, this being true not only of the grades 
ut also of the age of the corresponding pea samples. 

For reasons not known the fat content of the samples of grade 2 
peas from the duplicate potash plot (samples 1 and 2) and the sample 
of one phosphorus plot (sample 2) were higher for the May 28 harvest 
than for the June 2 harvest. However, these 3 exceptions among 
23 comparisons should not invalidate the generalization just drawn. 

If the percentages of ether extract are calculated upon a dry-weight 
basis, all the above relationships are generally reversed, as table 5 
shows. 

The mean fat content of the three grades of peas from the untreated, 
the phosphorus-treated, and the nitrogen-treated plots for 1930 are 
remarkably similar for each harvest and for the two ha,rve8t8 com¬ 
bined. Appreciable differences occur between corresponding samples, 
but they are somewhat inconsistent. The fat content of the samples 
from the potash-treated plots was higher than the others in 9 out of 
11 instances in 1930, but in 1931 it was lower in all 6 instances than 
the samples from the untreated plots, resulting in no significant ® 
difference for the 2 years. In 1931 the fat content of the nitrogen- 
treated plots was significantly lower than the check and potash- 
treated plots, but the differences were quite small and unimportant. 
Although of doubtful consequence from a practical or culinary stand- 

E oint, this fact is interesting in a way that will be discussed later. 

Ipon a dry-weight basis these differences are less striking than when 
considered as percentages of fresh weight. In 1931 the relationships 
just discussed for 1930 did not hold. Tims it is not possible to attach 
any importance to the higher fat content of the potash plots in 1930. 

In practically all cases the ether extracts were found to contain 
not only fat but also pigments, free fatty acids, lecithin, and appar¬ 
ently other constituents as well. The following facts substantiate 
this statement. All the ether extracts were more or less colored, the 
color ranging from very light green or light yellow to dark yellowish 
green. As a rule the ether extract, at least the greater portion of it, 
was readily soluble in alcohol, even at room temperature. Blue litmus 
paper dipj^ed into such an alcoholic solution did not change color, 
but when it was subsequently wet with water the color immediately 
changed to red. The same reaction is shown by the isolated higher 
fatty acids. A few crystals of chemically pure palmitic or stearic 
acid were dissolved in alcohol and blue litmus paper was immersed 
in the solution. No change of color took place; but if the litmus 

^ As usikI iXL the dlisoussiosi of results in this paper, the term ** significant significance refers to differ* 

ences between means for which “odds of significance are greater than 36 to 1, by the method of Student (/) 
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paper was then dipped, in water, the blue color changed to red. This 
reaction, showing the presence of free fatty acids, was obtained with 
all the extracts of the various grades of peas. 

Several ether extracts of the Alaska pea, after being weighed, were 
taken up with ether, and the ether evaporated on the water bath. 
The residue was boiled with barium hydropde for about 2 hours, 
after which the barium salts of the fatty acids were filtered off and 
the filtrate evaporated on the water bath at low temperature. The 
residue was taken up witli warm absolute alcohol, in order to remove 
any choline present, and the whole filtered. The residue on the 
filter showed the following properties- It was soluble in water, insol¬ 
uble in absolute alcohol; it contained some barium and, on oxidation 
with a mixture of potassium nitrate and sodium carbonate, gave a 
slight reaction for phosphoric acid. These facts point to the presence 
of lecithin in the ether extracts. 

While the ether extracts of the various pea samples were found to 
contain, in addition to glycerides, also pigments, free fatty acids, and 
lecithin, they differed from one another both quantitatively and quali¬ 
tatively. In other words, the pea samples contained not only unequal 
proportions of ether extracts but they differed also in shade and 
intensity of color, strength of acidity, solubility, etc. For instance, 
unlike most of the other extracts, two of them solidified, at least in 
part, and were with difllculty soluble in alcohol. The solidified 
substance may have consisted of wax or a waxlike matter whose 
nature, however, was not studied. The occurrence of waxlike sub¬ 
stances in peas has previously been reported by Schulze and his 
collaborators ( 25 ) It is not unreasonable to assume that a careful 
study of tlie various constituents of the ether extract may throw 
additional light on the quality of the Alaska pea. 

CARBOHYDRATES 

Tw'o grams of ground peas was transferred to a paper extraction 
thimble which was then covered with glass wool to prevent the sub¬ 
stance from being thrown out of the thimble and to insure good uni¬ 
form extraction. This was effected in a Soxhlet extraction apparatus 
by means of 60-percent dcohol, which was added to the extraction 
flask in a quantity sufficient to fill the extractor to the top of the 
siphon (usually 220 cc), leaving at the same time enough alcohol 
in the flask to prevent caramelization of the sugars by heat incidental 
to the extraction. Extraction was continued for at least 4 hours. 
At the expiration of this time the extract was, with the aid of hot water, 
transferred quantitatively to an evaporating dish and the alcohol 
driven off on the water bath. The alcohol-free extract was then 
transferred by means of hot water to a 250-cc volumetric flask, about 
1 CO of 20-percent peutral lead acetate solution added for clarification, 
made up to the mark, and filtered until perfectly clear. 

ESTIMATIOK OF KBDUCraG SuOABB 

The method employed for the estimation of reducing sugars was 
that of Bertrand (I, 8 , 9 , 21 , 22 ). Ordinarily a 100-cc portion of the 
dear filtrate was taken for this estimation. The solution was trans- 
fesfred to an Erienmeyer flask of about 200- to 250-cc capacity, 20 cc 
of Bertrand’s sdution A (copper sulphate) and 20 cc of Bertrand’s 
adtK^tn B (Bo.chelle salt) added, the whole brought to a boil, and 
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*the boiling continued for 3 minutes. The flask was then remowed 
from the flame and the cuprous oxide precipitate allowed to settle 
well, when the supernatant blue liquid was decanted through a 
Soxhlet asbestos filter and sucked off. The cuprous oxide precipitate, 
both in the flask and on the filter, was then washed repeatedly with 
^hot distilled water, after which the filter was removed from the suc¬ 
tion flask, and the latter was carefully washed wich water to remove 
any copper present. About 20 cc of Bertrand’s solution C (ferric 
sulphate) was placed in the Erlenmeyer flask, and this dissolved all 
the cuprous oxide present. This solution was then poured on the 
Soxhlet filter, placed on the suction flask, and sucked through slowly 
to dissolve any cuprous oxide present on the filter. The flask was 
then washed with water, the wash water being used also to wash the 
Soxhlet filter'in order to get quantitatively all the copper solution 
into the suction flask. This solution was then titrated with Bertrand’s 
solution D (standard potassium permanganate) to a pink color. The 
results were calculated as glucose. 

The potassium ])ennanganatc solution was standardized against 
ammonium oxalate. 

Dktehmination op Totm, Sl'(}\RS 

For the determination of total sugars 75 or 100 cc of the solution, 
as employed for the estimation of reducing sugars, was used. The 
inversion was effected by the method of Herzfeld (7, 10 ), The solu¬ 
tion was transferred to a 100-cc volumetric flask, 8 (*c of 36-percent 
hydrochloric acid was added, and the whole shaken carefully. The 
flask with its contents was heated to 67° to 70° C. by placing it up 
to the neck in a water bath at 70°, this temperature being maintained 
for 5 more minutes Total inversion was never allowed to last more 
than 10 minutes. At the expiration of that time the flask was cooled 
with cold water, the hydrolysate neutralized with sodium hydroxide 
solution and made up to 100 cc. This w^as divided into two equal 
portions and employed for the determination of total sugais accord¬ 
ing to Bertrand’s method as already outlined The results were 
calculated as invert sugar. 

Estimation of 8u(Rose 

Sucrose was calculated by subtracting the percentage of reducing 
sugars from that of total sugars and multiplying the difference by the 
factor 0.95. 

Estimation op Stakch 

Strictly speaking, the estimation of starch deals with total acid- 
hydrolyzable substances rather than with starch alone, since the pea 
is known to contain, in addition to starch, other acid-hydrolyzable 
polysaccharides such as sucrose, cellulose, dextrin, hemicelluloses 
(xylan, araban, galactan, and raannan), and perhaps other polysac¬ 
charides and substances that yield some glucose upon hydrolysis. 
In this connection the following facts should be borne in mind: 
Sucrose has been quantitatively removed from the peas by extraction 
with 60-percent alcohol prior to hydrolysis; cellulose is insoluble in 
2-percent,hydrochloric acid used for hydrolysis of the polysaccharides; 
dextrin is known to occur in the pea to the extent of but 6 percent 
and may have been wholly or partly extracted by the 60-percent 
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alcohol, while l^e exact nature and quantities of all hemicelluloses ‘ 
occurring in peas are not very well known. It cannot be doubted that 
the hemicelluloses are hydrolyzed, at least in jiart, under the condi¬ 
tions of hydrolysis as employed in this inves%ation. However, it 
seems fairly safe to state that the changes of total hydrolyzable sub¬ 
stances give a good index to the changes in starch content. For this ^ 
reason the acid-hydrolyzable polysaccharides are referred to here as 
starch. 

The starch was estimated essentially according to the method 
described by Lohrisch (17, p. 375), Zempl^n (27), and Schmidt (24, 
p. 924). The residue that remained from the 2 g of peas, after the 
sugars had been extracted with 60-percent alcohol, was transferred to 
a 1-1 * flask, to which 150 cc of distilled water and 8 cc of 36-percent 
hydrochloric acid were added, and the mixture was hydrolyzed by 
boiling gehtly for 2 hours. The hydrolysate was then cooled, neu¬ 
tralized with sodium hydroxide solution, transferred to a 250-cc 
volumetric flask, made up to volume with water, and filtered clear. 
Ten-cubic-centimeter portions of this solution were used for estimating 
the sugar as glucose according to Bertrand’s method. The starch was 
calculated by multiplying the glucose found by the factor 0.9. The 
results obtained with the various carbohydrates are summarized in 
tables 6, 7, and 8. 

Table 6. —Percentage of reducing sugars in the Alaska pea as affected by different 

fertilizers; determined on the basis of fresh and of oven-dry weight, 1930 and 1931 


1930 CROP, FRESH WEIGHT 


Sample no. 

Grade 

no. 

t Plot 

Reducing sugars from treatment 
indicated 

rheck 

Potash 

Phos¬ 

phoric 

acid 

Nitrogen 

Harvest of May 28: 



Percent 

Percent 

Percent- 

Percent 

1. 

2 

A-.. 

0.039 

0.048 

0.039 

0.079 

2. 

2 

B. -.. 

.034 

.042 

.041 

.080 



Average-?. 

.036 

.045 

.040 

.079 

3. 

3 

A... 

.064 

.045 

.033 

.061 

4. 

3 

B. 

.045 

.070 

.037 

.075 



c 

Average.. . 

.054 

.057 

.035 

.068 

5-.. 

4 

A... 

.048 


.031 

.OM 

8. 

4 

B... 

.036 

.058 

.030 

.054 



Average. 

.042 

.058 

.030 

.059 



Average (1-6). 

.044 

.053 

.035 

.069 

Harvest of June 2; 







7 . 

2 

A. 

.071 

.056 

.048 

.062 

8. 

2 

B. 

.029 

.037 

*044 

.060 


* 

Average. 

.050 

.046 

1 .046 

.071 

0. 

8 

A. 

.042 

.033 

.078 

.006 

10 . 

3 

B . 

.037 

*081 

*047 

*068 



Average...., . 

.039 

.057 

.062 

*092 

11. 

4 

A . J . 

.050 

.050 

.048 

.100 

12. 

4 

B. . 

.034 

.093 

.041 ' 




Averafe.. _ 

.042 

.071 

.044 

.074 



Average (7-12).... 

.043 

.058 

.051 

*079 

' m, 


Average (1-12). 

.044 

.056 

*043 

*074 


•>***"*“ 0* mw ooonr id: Ui» bagiaiiing of tudlinf, whm, Um 
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Table 6. —Percentage of reducing sugars in the Alaska pea as affected by different, 
fertilizers; determined on the oasis of fresh and of oven-dry weight, 19^ and 
1931 —Continued 

1931 CROP, FRESH WEIGHT 


Reducing sugars from treatment 
indi(;ated 


Sample no. 

Grade 

Plot 



— 



no. 




Phos- 





Check 

Potash 

phoric 

Nitrogen 


1 




acid 


Harvest of .Tune 10: 

j 


Percent 

Percent 

Percent 

Percent 

13. 

2 

A.. 

0. mi 

0.043 


0.074 

14. ___ 

2 

n ... 

.042 

. 034 


,0H4 

1 









Average.. ... 

.0.39 


. 

.073 

15 . 

3 

A... _ . .. 

.040 

. 039 i 


.057 

10. 

.3 

R... ... ... 

. 063 

.060 

. ... . 

053 



Average.. . . 

.047 

.0.10 


.065 

17. 

4 

A .. .. .. 

042 

.ai9 


.m 

18--. . 

4 

B.... _ _ 

. 069 

.061 

: 

.040 



Average_ . ... 

. 0.11 

.OfM) 


.077 



Average (13-18). __ 

. 046 

049 

- 

.070 


1930 CROP, OV^EN-DRy WEIGHT 


Harvest of May 28- 


1 . 

2 

A .. 

0 19 

0 23 

0 19 

0.38 

2. 

2 

B.. 

.16 

.20 

. 19 

.38 



Average. 

.18 

22 

.19 

.:w 

3. 

3 

A... 

.28 

. 19 

.16 

.28 

4 ... -. 

3 

n.. 

.19 

.:40 

.16 

.33 



Average ... 

.24 

.26 

.16 

.31 

5 

4 

.V 

.20 


. 13 

.28 

6. 

4 

h .. .. 

.15 

.23 

. 12 

.23 



Average ... 

.18 

.23 

.13 

.26 



Average (1-6). 

.20 

.23 

. If) 

.31 

Harve-st of June 2 







7... .. 

2 

A.. 

..30 

.2:4 

. 19 

.36 

8. 

2 

B... ___ _ . . 

.12 

.15 

. 17 

.24 



Average___ 

.21 

.19 

.18 

.30 

9. 

3 

A.. 

. 16 

. 12 

.28 

.38 

10. . 

3 

B.-_. -.... 

. 13 

29 

. 16 

.31 



Average -_ _ 

.14 

21 

b 

.36 

11... 

4 

A.. . 

.17 

. 17 

. 16 

.34 

12. 

4 

B. 

. 11 

.31 

.13 

.16 



Average.... 

.14 

.24 

.15 

.25 



Average (7-12). 

.16 

.21 

.18 

,30 



Average (1-12). 

.18 

.22 

.17 

.31 

1931 CROP, OVKN-DRY WEIGHT 

HarvCiSt of June 10: 







13. 

2 

A. 

0.17 

0.20 


0.33 

14. 

2 

B. 

.19 

. 16 


.38 










Average,... 

.18 

.18 


.36 

15. 

3 

A.. 

.16 

.15 


.21 

10. 

3 

B. 

.30 

.22 


.20 










Average. 

.18 

.19 


.21 

17... 

4 

A. 

. 14 

.20 


^ .37 

18.!. 

4 

B. 

.20 

.20 


’ .13 



Average,. 

.17 

.20 


.26 



Average (13-18). 

.18 

.19 


.27 
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Ta^blb 7.— Percer^ftge of sucrose in the Alaska pea as affected by different fertilizers; 

determined on the basis of fresh and of oven-dry weighty 1930 and 1931 



1980 CROP, FRESH WEIGHT 





1 


Sucrose from treatment indicated 

Sample no. 

Grade 

no. 

Plot 

Check 

Potash 

Phos¬ 

phoric 

Nitrogen 






acid 


Harvest of May 28: 



Percent 

Percent 

1 

Percent 

Percent 

1.! 

2 

A. 

4.22 

3.62 

3.98 j 

4.59 

2. 

2 

B . 

3.55 

3.61 

3.89 

3.93 



Average. 

1 3.88 

3.61 

3.93 

4,26 








3 . 

3 

A... 

1 3.35 

2 83 

3.74 

4.03 

4. 

3 

B. 

1 2.72 

3.03 

3.31 

3.53 



Average. 

! 3.03 

2.93 

3.52 

3.78 

5 . .. 

4 

A.. . 

.3. 4C 


3.28 

3.47 

6 . 

4 

B..... 

i 2.53 

2.88 

2.87 

3.02 



Average. 

2.99 

2 88 

3 07 

3.24 



Average (1~C)-,. 

3.30 

3.19 

3.51 

3. 76 

Harvest of June 2. 







7 ... 

2 

A-. 

4.14 

3.16 

3 62 

4 20 

8. 

2 

B...-. 

2 W) 

3.83 

3.29 

3. .57 



Average. 

3.52 

3.49 

3.45 

3.88 

9-. 

3 

A. 

2. fir 

1 2.82 

3 28 

3.27 

10. 

3 

B. 

2.41 

! 3.13 

2.94 

2 55 



Average... 

2.53 

2.97 

3.11 

2 91 

11. 

4 

A. 

2 38 

1 2,38 

2.98 

3 21 

12. 

4 

B. 

2. 43 

1 3.21 

2.56 

2.57 



1 Average. 

2.40 

2.79 i 

2, 77 

2.89 



1 * Average (7-12). 

2 82 

3.09 

3.11 

3. 23 



Average (1-12). 

3.06 

3.14 

3.31 

3.49 



1931 CROP, FRESH WEIGHT 




Harvest of June 10: 







13. 

2 

A. 

3. 42 

4.11 


3.86 

14._. 

2 

B.. 

1 3.81 

3.61 


4.23 



Average.. 

3.62 

3.86 


4.05 

15. 

3 

A. f . 

3.08 

3.08 



1C. 

3 

B. 

2.77 

2.98 


3.40 



Average.. 1 .. 

2.93 

3.03 


3.16 








17. 

4 


2.54 

2.55 


2.22 

18. 

4 

B. 

2.99 

2.65 


3.46 



Average. 

2,77 

2.60 


2.84 



Average (13-18). 

3.10 

3.16 


3.35 
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Table 7. —Percentage of sucrose in the Alaska pea as affected by different fertilisers; 
determined on the basis of fresh and of oven-dry weighty 1930 and 1931 —Coii. 

1030 CROP, OVEN-DRY WEIGHT 


Sucrose from treatment indicated 


Sample no. 

Grade 

no 

Plot 

Check 

Potash 

Phos¬ 

phoric 

acid 

Nitrogen 

Harvest of May 28: 



Percent 

Percent 

Percent 

Percent 

1. 

2 

A.. 

20.01 

17.19 

19.18 

22.21 

2. 

2 

B. 

16.87 

17 14 

18.24 

18.67 



Average.. ... 

18 74 

j 17 17 

18.71 

1 20 44 

3.... 

3 

A. 

14.74 

12 01 

16,77 

18.52 

4. 

3 

B.... 

11.60 

j 13.05 

14.17 

1 15 44 



Average.. 

13.17 

12.53 

15 47 

16.98 

5. 

4 

i A. 

14 48 


13 69 

15. 23 

0. 

4 

B.... 

10 51 

i 1.4.5 

11 35 

1 14.04 



' Average... 

12 50 

11 45 

12 52 

14.64 



Average (l-«). 

14 80 

14 17 

15 57 

17.35 

liArvf^42f Ilf tiinp 9* 






1 ^ __ 

vvoL Hi <1 uiic A 

7. 

2 

i A. 

T7.39 

12.81 

14.37 

18~43 

8. 

2 

B. 

11 64 

15 68 

12 81 

14.:i8 



Average. 

14 52 

14.25 

13 59 

16.41 

9. 

3 

i A. 

9.56 

10.18 

liTn 

1 12 94 

10. 

3 

i B. 

8.47 

11 17 

10.10 

1 8.96 



Average. 

9 02 

10.68 

10.93 

10.95 

11. 

4 

A. 

8.10 

8 07 

9 85 

i 10.94 

12. 

4 

B. 

7 78 

10.74 

8.15 

8.65 



1 







! Average. 

7.94 

9 41 

9 00 

9.80 



Average (7-12). 

10 49 

11.44 

11 17 

12 38 



1 Average (1-12). 

12,65 

12.68 

13. 37 

14.87 


1931 CROP, OVEN-DRY WEIGHT 


Harvest of June 10. 







13. 

2 

A_.... 

15.96 

18.90 

. 

17.28 

14. 

2 

B... 

17.05 ! 

16.02 1 

. 

19.07 



Average.,... 

16.51 

17 46 


18.18 

15.. .. 

3 

A. 

11 58 

11.69 


10.77 

10. 

3 

B.._.. 

10.35 

10.89 


12.90 



t 







Average. 

10.97 

11.29 

-- 

11.84 

17. 

4 

A. 

8.44 

8.50 


7.27 

18. 

4 

B. 

10.20 

8. 77 


11.29 



Average. 

1 9.32 

8.68 


0.28 



Average (13-18). 

12.26 

12.48 


13.10 
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Tabj^e 8. —PercerUage of acidrhydrolyzahle Bubatances in the Alaska pea as affected 
by differerU fertilizers; determined on the basis of fresh and of oven-dry weighty 
1930 and 1931 

mo CROP, FRESH WEIGHT 





1 Acid-hydrolysable 

substances from 





treatment indicated 


Sample no. 

Grade 

Plot 






BO. 




Phos- 





Check 

Potash 

phorio 

acid 

Nitrogen 

Harvest ot May 28: 



Percent 

Percent 

Percent 

Percent 

1. 

2 

A... 

5.82 

5.07 

5.60 

5.00 

2. 

2 

B.. 

6.01 

6.70 

0.22 

6.44 



Average... 

5.01 

5.88 

5.05 

5.72 

3. 

3 

A.-... 

7.66 

8.06 

6.00 

6.60 

4. 

3 

B. 

8.40 

8.16 

8.38 

7.83 


i 

Average.. 

8.03 

8.11 

7.50 

7.21 

6.-.. 

4 

A. 

8.38 

— ... 

8.03 

_ 

6.. 

4 

B. 

8.66 

0.^ 

8.96 

8.10 



Average__ 

8.52 

9.84 

8.40 

8.00 



Average (1-6) . 

7.49 

7.56 

7.34 

6.98 

Harvest of June 2. 







7. 

2 

A. 

8 24 

8.31 

8.77 

6.93 

8. 

2 

B. 

8.92 

8.73 

8.87 

8.14 



Average. 

8.58 

S.6‘2 

8.82 

7.5:1 

9. 

3 

A 

11.07 

9.56 

10.60 

10.10 

10. 

3 

B. 

11.81 

11.10 

12.05 

11.15 



Average...* 

11.44 

10.33 

11.32 

10.62 

11. 

4 

A. 

12.34 

11.85 

12.48 

12.30 

12. 

4 

B. 

13.32 

13.60 

13.8.3 

11.82 



* Average... 

12 83 

12.72 

13.15 

12.06 



Average (7-12). 

10 05 

10.53 

11.10 

10.07 



Average (1-12). 

9.22 

9.18 

0.22 

8.52 


mi CROP, FRESH WEIGHT 


Harvest ol Jane 10 

13. 

14*. 


15. 

16, 


17. 

18. 
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Table 8 . —Percentage of acid-hydrolyzahU substances in the Alaska pea as affected 
by different fertilizers; determined on the basis of fresh and of oven-dry weight, 
1930 and 1931 —Continued 

1930 CHOP, OVEN-DRY WEIGHT 


Acid-hydrolyzable substances from 
treatment indicated 


Sample no. 

' i 

Plot 

Check 

Potash 

Phos¬ 

phoric 

acid 

Nitrogen 

Harvest of May 28: 



Percent 

Percent 

Percent 

Percent 

1.. . 

2 

A ___1 

28.49 

24.10 

27.42 

24.19 

2 -.- . .. 

2 

B . .... 

28.59 

31.82 

29.13 

30.48 



Average.. 

28.54 

27 96 ; 

28.28 

27.34 

3--*. .. 

3 

A.. . 

33. 71 

34 22 

30 94 

30.39 

4- . ..- 

3 

B...- . .. 

35.79 

35.17 

35.93 

34.30 



Average- - _ 

34. 75 

34.70 

33.44 

32.35 

1 

5 — ... 

4 

A 

35.06 


33.62 

34.30 

6_ --- - -- 

4 

B . 

35.91 

39.13 

35.60 

34.65 



Average. 

35.49 

39.13 

34.56 

34.48 



Average (1-6). 

32 93 

32.89 

32.09 

31 39 

Harvast of June 2; 







7 — . w 

2 

A ... 

34. a5 

33.97 

34.84 

30.39 

8.' 

2 

B . .. 

35.82 

35. 71 

34.55 

32. 77 



Average. . 

35.24 

34 84 

34 70 

31 58 

9. 

3 

A . 

39.99 

34.43 

38.01 

40.00 

10 . 

3 

B ... 

41.61 

39.60 

41.45 

39.18 



Average.... .. . 

40 75 I 

37.02 

39.73 

39.59 

11 .. 

4 

A . .. ... .. 

41.94 

40 11 

41 21 

41 96 

12 . . 

4 

B.. .. . ... . . 

42 74 

45.45 

44.07 

39.71 










Average __ 

42.34 

42 78 

42.64 

! 40.84 



Average (7-12) . 

39.44 1 

38.21 i 

39.02 

37.34 



Average (1-12) _ .. 

36.18 

i 

35. 79 

35.56 

34.36 


1931 ("HOP, OVEN-DHY WEIGHT 


Harvest of June 10; 

13.. 

2 

2 

3 

3 

4 

A... 

27 86 
29.54 

30.06 
33 38 


32.16 
29.20 

14. 

Average._ 

A. 


15...' 


28.70 

31.72 

- . 

1 30.68 

38 29 
37.67 1 

36.28 
39.76 

;. 

1 37.78 

1 35.22 

16... 1 

B . 

i 

1 

17.. 

Average... 

37.98 1 

38.02 


36.50 

A... 


41.68 i 

42.61 


38.98 

18...i 

4 

B___ 

40.26 1 

43.59 


40.88 



Average__ 

1 

40.97 ! 

43.10 

- ' 

39.93 



Average U3-18). 

35.88 

37.61 


36.70 


Discussion and Interpretation of Carbohydrate Results 

From table 6 it will be seen that, as a rule, the proportions of reduc- 
ing sugars are almost negligible, ranging from 0.03 to 0.10 percent in 
the 1930 peas, and from 0.036 to 0.113 percent in the 1931 peas, cal¬ 
culated on the basis of fresh weight. There appears to be some 
difference in the percentage of reducing sugars obtained from peas 
grown on the variously treated plots. Thus, in the case of the 1930 
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peas raised in untreated soil the reducing sugars ranged from 0.029 to 
0.071 percent, these extremes being duplicates; the average of all 
samples was 0.044 percent. Very similar results were obtained with 
the peas grown in phosphorus-treated soil, in which the percentage of 
reducing sugar ranged from 0.03 to 0.078, the average being 0.043 
percent. Somewhat larger was the proportion of reducing sugars 
in peas from potash-treated soil, in which the percentage ranged from 
0.033 to 0.093, with an average of 0.056 percent in 1930. However, 
the differences between corresponding samples were so inconsistent 
that no significance can be attached to the differences between the 
means just referred to. In peas from the nitrogen-treated plot the 
proportions of reducing sugars were slightly and significantly laiger 
than from the check or those receiving other treatments. The 
analytical averages of the 1931 peas are similar to those of the 1930 
peas. Considering the fact that the percentage of reducing sugars is 
extremely small, averaging 0.044 and 0.045 percent in peas from the 
untreated plot for 1930 and 1931, respectively* it would appear that 
there is some physiological significance in the higher percentage of 
reducing sugars in peas from the nitrogen-treated plot (average, 0.074 
and 0.070 percent for 1930 and 1931, respectively) as compared with 
that in the peas from the other plots. This higher content of reducing 
substances, although si^ficant statistically, is of such small magni¬ 
tude as to be of no practical importance. The foregoing observations 
concerning determinations made on the fresh-weight basis apply 
equally to those made on the oven-dry weight basis. 

Table 7 reveals distinct regularities in the proportions of sucrose. 
The figures for total sugars have been omitted, since sucrose consti¬ 
tutes 96 to 99 percent of the total sugars and the reducing sugars are 
negligible. The large-gized peas had a smaller percentage of sucrose 
than the small-sized peas, regardless of the time of harvest or the 
treatment of the plot. The older peas had a smaller sucrose content 
than the younger ones of the same size, age and sucrose content 
standing in reverse ratio. 

The mean percentages of sucrose in the peas from the untreated 
and potash-treated pmts were practically the same. The sucrose 
percentage in peas that received the phosphorus treatment was 
significantly higher than that of the check, but not significantly differ¬ 
ent from that of peas from the-other plots. 

Tlie regularities in sucrose content of the peas on the fresh-weight 
basis hold good also for that of peas on the dry-weight basis, but the 
differences resulting from age and size are more striking, as will be 
seen by reference to table 7. That the fertilizers did not have a 
greater influence on the sucrose content may have been due in part 
to the fact that from the outset the plots were fai^ fertile. At the 
, same time it is recognized that in general it is difficult to a^ter the 
composition of seeds by these means. 

Table 8 (fresh-weight basis) shows that the peas of lai^r grades 
had a correspondingly higher starch content than the peas of smaller 
grades, this being true of peas raised iii fertilized and unfertilized 
plots. In other words, the starch ccmtent of the peas varied directly 
with th^ size. Another regularity noted was the higher percentage 
of iMI^h' in peas of the later barest. The regularities observed m 
the ^l^piich content of the peas when the determinations w^c made on 
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^ the fresh-weight basis also hold true when the starch content was 
determined on the oven-dry weight basis (table 8). 

With regard to the influence of the various fertilizers on the starch 
content of the peas, table 8 shows that the 1930 peas from the 
untreated plot had on an average 9.22 percent of starch, those from 
, the potash-treated plot had on an average 9.18 percent, while the 
average starch content of the peas from the plots treated with phos¬ 
phorus and nitrogen was, respectively, 9.22 and 8.52 percent. By 
reducing these figures to the starch content of the peas from the 
untreated plot taken as 100, it will be found that the starch content 
of the peas from the plots treated with potash, phosphorus, and nitro¬ 
gen is, respectively, 99.5,100.0, and 92.4 percent. Thus, the nitrogen 
treatment has here the only significant influence on the starch forma¬ 
tion, the effect being characteristic of delayed maturity. The 
difference is significant with reference to the potash- and phosphorus- 
treated plots as well as to the untreated plots. 

The facts pointed out in the foregoing discussion will be better 
comprehended when the carbohydrate metabolism in peas is taken 
into consideration. Let us assume, as is generally assumed for plants, 
that the carbohydrate metabolism in peas takes place according to 
the following equations: 

(1) (COgfHaO)-- >CU20 - 

Carbon Water Formaldehyde Glucose 

dioxide 

(2) C,H,A + C,H«Oe - HjO = C,*H220„ 

Gluco.se Fructose Water Sucrose 

(3) mAH.sO,) - n(H/)) (CaH.oO,)^ 

Glucose W'ater Starch 

Then the simplest interpretation of the results obtained is that the 
first sugar to appear, glucose (equation 1), is rapidly changing to 
sucrose (equation 2). It is for this reason that the proportion of 
reducing sugars in the peas is quite insignificant. However, it appears 
that the condensation of reducing substances to sucrose and finally to 
starch, which is characteristic of maturity, was somewhat delayed in 
the peas grown on nitrogen-treated soil. This is evident from the 
fact that the reducing sugars in the 1930 peas from the nitrogen- 
treated plot (average 0.074) are significantly greater than those in 
peas from any of the other plots (average 0.043 to 0.056). That the 
nitrogen has a somewhat retarding influence on the rate of maturity 
of the peas is also evident from the sucrose content of the peas (table 7). 
The average sucrose content of the 1930 peas from the nitrogen-treated 
plot, the check, and the plots treated with potash and phosphorus is, 
respectively, 3.49, 3.06, 3.14, and 3.31. The phosphorus-treated plot 
produced peas of a very slightly but significantly higher sucrose 
content than did the check and potash-treated plots, but inasmuch* 
as peas from the plot given the phosphorus treatment did not 
exhibit other differences consistently charactoistic of either delayed 
or hastened maturity, this point is in itself unimportant. Thus, only 
the application of nitrogen had a definite, retarding influence on the 
rate of maturity of the peas, as evidenced by the sugar content. The 
sucrose content of the peas harvested on June 2 was smaller than that 
of the peas harvested on May 28 and is in full harmony with the stated 
metabolism in the peas. 
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Xn the later stages of development glucose is changed chiefly to 
starch (equation 3). For this reason the more mature peas must 
necessarily have a larger percentage of starch and a correspondingly 
smaller percentage of sucrose. That this is actually the case a glance 
at tables 8 and 9 will show. The fairly high percentage of sucrose and 
starch in peas grown in the variously treated plots is an indication 
that these two carbohydrates represent important reserve materials 
of the peas. 

TOTAL NITROGEN 

The total nitrogen was determined by Gunning’s modification of 
the Ejeldahl method. 

Table 9 shows that when determinations were made on a fresh- 
weight basis the small-sized peas as a rule had a lower percentage of 
nitrogen than the large-sized, and that peas harvested early had a 
lower nitrogen content than those harvested later. On the other 
hand, when determinations were made on a dry-weight basis the 
nitrogen content ordinarily decreased with increasing size and age 
of the peas. 

Table 9. —Percentage of total nitrogen in the Alaska pea as affected by different 
fertilizers; determined on the basis of fresh and of oven-dry weighty 19S0 and 1931 


1930 CROP, FRESH WEIGHT 


Sample no. 

Grade 

no. 

Plot 

Nitrogen from treatment indicated 

Check 

Potash 

Phos¬ 

phoric 

acid 

Nitrogen 

Harvest of May 28: 

2 , I L". 

2 

2 

i 

3 

3 

4 

4 

2 

2 

3 

3 

4 

4 

A A. 

B. 

Percent 

0.943 

1.004 

Percent 

1.013 

.967 

Percent 

0 956 
.935 

Percent 

0.986 

l.Oll 

3. 

Average. 

A. 

.973 

.990 

.945 

.998 

1.003 

1.091 

1.064 

1.033 

1.015 

1.065 

1.033 

1.078 

4... 

B... 

5. 

Average.. 

A.*. 

1.047 

1.068 

1.035 

1.055 

1.022 

1.106 


1.054 

1.110 

1.041 

1.059 

6. 

B... 

Harvest of ;fune 2: 

Average^.. 

Average (1-6)__ 

i 

‘ A... 

1.064 

1.028 

1.127 
1.046 

1.082 

1.031 

1.060 

1.034 

1.010 

1.126 

1 .... 

1.092 

1.029 

1.102 
1.071 

1.062 

1.150 

8. 

B. 

0 . 

Average. 

A . 

1.068 

1.060 

i 1.086 

1.101 

1.169 

1.246 

1.235 

1.184 

1 1.185 

1.200 

1.119 

1.286 

10 . 

B... 

11 . 

Average... 

A. 

.1.207 

1.209 

1.192 

1.202 

1.215 

1.346 

1.329 

1.234 

1 .2^ 

hm 

1.296 

1.330 

. 

B... 


Average. 

Average (7-12). 

Average <l-12). 

1.280 
1.185 
1.106 

1 1.281 
i 1.184 

1 1.121 

1.291 

1.100 

1.106 

1.313 
1.205 
1.119 
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’ Table 9. —Percentage of total nitrogen in the Alaska pea as affected by different 
fertilizers; determined on the basis of fresh and of oven-dry weighty 1930 'and 
1931 — Continued 

1931 CROP, FRESH WEIGHT 





Nitrogen from treatment indicated 

Sample no. 

Grade 

no. 

Plot 



Phos- 





Check 

Potash 

phoric 

Nitrogen 






acid 


Harvest of June 10: 



Percent 

Percent 

Percent 

Percent 

13. 

2 

A. 

0.940 

0.952 


0.990 

14. 

2 

B.... 

.901 

.981 


.967 



Average.-. 

.966 

.967 


.974 


3 

A... 

1.156 

1.126 


1.166 


3 

B. 

1.167 

1.143 

. 

1.111 



Average.. 

1.167 

1.136 

! '' 

1.134 

17. 

4 

A.. . .. 

1.299 

1.286 


1.302 

18... 

4 

B..... 

1.246 

1 274 


1.272 










Average_ 

1. 272 

1.280 


1.287 



Average (13-18) . 

1.131 

1.127 

. 

1.131 


1930 CROP, OVEN-DRY WEIGHT 


Harvest of May 28 







1 .. 

2 

A... 

4.61 

4.81 

4.61 

4.77 

2 -. 

2 

B... 

4. 77 

4 69 

4.67 

4 81 










Average . . 

4 69 

4.70 

4.64 

4.79 

3. 

3 

A. 

4 41 

4 60 

4 66 


4. 

3 

B .-. 

4 66 

4. 46 

4.62 

4 72 










Average . .. 

4.6;i 

4 63 

4.64 

4 74 

6 . 

4 

A.. . 

4 27 


4.40 

4 67 

6.. 

4 

B. 

4.69 

4.48 

4.41 

4.68 



Average. 

4.43 

4 48 

4.41 

4 68 



Average (1-6)___ 

4.66 

4.69 

4.63 

4 70 

Harvest of June 2: 







7... 

2 

A. . 

4.26 

4.46 

4 38 

4.61 

8... 

2 

B...... 

4.62 

4. 21 

4 17 

4 63 










Average.— 

4.39 

4.34 

4 28 

4.62 

9. 

3 

A.... 

4.22 

4.46 

4.26 

4.43 

10. 

3 

B.. 

4.38 

4 22 

4.13 

4.52 



Average.— 

4.30 

4 34 

4.19 

4.48 

11. 

4 

A. 

4.13 

4.60 

4.26 

4.42 

12-.. 

4 

B... 

4.32 

4 12 

4.13 

4.47 



Average-.— 

4.23 

4.31 

4.19 

4.46 



Average (7-12).. 

! 4.30 

4.33 

4.22 

4.61 



Average 0-12). 

4.43 

4.44 

4.37 

4.61 


1931 CROP, OVEN-DRY WEIGHT 


Harvest of June 10: 

13 . 

14 . 

2 

2 

A.-__ 

B...-.—. 

4.39 

4.44 

4.38 

4.36 


4.43 
4.31 

16. 

3 

Average.-. 

4.42 

4.37 


4.37 

A. 

4.34 

4.28 


4.28 

16.-.. 

3 

B. .... 

4.33 

4.17 


4.21 



Average. 

4.34 

4.23 


4.26 

17 . 

18 .. 

4 

4 

A. 

B.... 

4.32 

4.24 

4.32 
4.21 


4.26 
. 4.16 



1 Average. 

1 Average (13-18). 

4.28 

4.34 

4.27 i 
4.29 


4.21 
4.28 
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There were no significant differences in the total nitrogen content 
of the peas from plots receiving different treatments, which is rather 
surpnsing in view of the rather marked increase of sucrose and decrease 
of starch in peas from the nitrogen plot. 

PROTEIN AND NONPROTBIN NITROGEN 

The estimation of the protein nitrogen was made according to 
Stutzer’s method {26) as applied by one of the writers and reported 
in previous publications {12, IS, 14,15). The estimation of the non- 
protein nitrogen was either made directly by ascertaining the nitrogen 
in the filtrate from the protein precipitate as obtained by rr.cans of 
Stutzer’s copper solution {11,16, 26) or calculated by difference from 
100 (tables 10 and 11). 

Table 10 shows that the peas of sm^er size had a smaller protein 
nitrogen content than those of Iwger size. 

What is true of the relationship between the different sizes of peas 
is also true of the relationship between peas of different ages regardless 
of treatment. For instance, in 1930 grades 2, 3, and 4 of peas from 
the untreated plot harvested May 28 have 41.21, 48.53, and 51.29 
percent of protein nitrogen, respectively (samples 1, 3, and 5), while 
the corresponding grades of peas harvested June 2 have higher pro¬ 
portions of protein nitrogen. The same holds true of the peas from 
the potash-, nitrogen-, and phosphorus-treated plots. The non¬ 
protein nitrogen of peas from the various plots stands in reverse ratio 
to the protein nitrogen, as would be expected. Exactly the same rela¬ 
tionships regarding size and age of. the peas hold true when the per¬ 
centages of protein and nonprotein nitrogen are calculated on the 
dry-weight basis. 

The regularities herein reported regarding the decreasing sucrose 
content and the incveasing starch and protein content with greater 
size and age of the peas are in harmony with the findings of other 
investigators {S, 4, ^5). These facts will be better comprehended if 
the anabolic processes taking place in the pea are taken into account. 
The nitrates taken up by the pea from the soil are successively con¬ 
verted into nitrites, ammonia, and then into the various organic 
compounds according to the followfhg scheme; 

Nitrate8-r» nitrites-^ ammonia-> mono- and di-amino acids-> acid 
amides-^ polypeptides (peptones, proteoses) {6, pp. 2S-6S)~^ 
proteins. 
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7 .. .^ ' . ^ 

From tins scheme it is plainly evident that in the earlier stages the 
nonproteins (amino acids, acid amides) arc dominant, whereas in the 
latter stages the proteins, namely, legiimin, vicilin, legumelin, and 
proteose (7s, 19,20) are dominant. It would seem that the regularities 
so conspicuously displayed by the protein nitrogen of peas from the 
variously treated plots, especially the very considerable and con¬ 
sistent differences m the protein nitrogen between peas of different 
sizes and of different ages, make this estimation an accurate means of 
determining the stage of maturity of the Alaska pea. 

Although there are no significant differences in the total nitrogen 
content of the peas from the variously treated plots, some consistent 
differences occur in the distribution of the nitrogen. The mean per¬ 
centage of protein nitrogen based on fresh weight of peas from the 
various plots for 1930 was: (lieck, O.OH; potash, 0.044; phosphorus, 
0.027; and nitrogen, 0.599. The corresponding percentages of non- 
jirotein nitrogen were 0.492, 0.477, 0.485, and 0.520. The differences 
in amount of these constituents calculated on a fresh-weight basis 
were too small and too variable to appear important. However, if the 
percentage of protein or nonprotein nitrogen is calculated on the basis 
of total nitrogen, some very significant differences between plots are 
evident. The peas from the potash plot show a protein-nitrogen 
content that is 50.73 percent of the total, or 1.3 times the nonprotein 
portion. Calculated similarly, those from the check and nitrogen- 
treated plots show a [irotein content of 54.01 and 52.00 percent, or 
1.2 and 1.1 times the nonprotein-nitrogen con tern t. The increased 
proportion of protein nitrogen of the potash-treated peas is not statis¬ 
tically significant, but tin? decreased proportion of the nitrogen-treated 
peas is significant when compared with the check or the other treat¬ 
ments. The peas from the phosphorus-treated plot also show" a 
significantly higher proportion of protein nitrogen than do those of the 
check. 

Despite the statistical significance of the differences here discussed, 
it is doubtful wdiether the magnitudes are such as to be of great 
practical importance from the standpoint of culinary quality. The 
data show, however, a tendency for potash treatment to hasten 
certain processes that are characteristic of maturity, and for nitrogen 
treatment to delay thosejjrocesses. ^ 
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Tabi«ii 11. —Percentage of protein and nonproiein nitrogen of the Alaska pea on oven-dry weight basis and percentage of nanprotein nitrogen 

hosed on total nitrogen « 
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. SUMMARY AND CONCLUSIONS ' 

1 

The application of superphosphate at the rate of 1,000 pounds per 
acre (160 pounds phosphoric acid) produced a definite increase in 
yield of the Alaska pea over the untreated plot, amounting to 24 and 
18 percent (fresh weight) for the seasons of 1930 and 1931, respectively. 
On the other hand, the application of 300 pounds of muriate of potash* 
per acre (144 pounds potash) and of 400 pounds nitrate of soda plus 
280 pounds of sulphate of ammonia (116 pounds nitrogen) gave 
differences in yield, as compared with the untreated plot, wliich were 
neither sufficiently great nor sufficiently consistent to permit the 
drawing of definite conclusions. 

♦ Records of direct observations in the field, as well as the very similar 
maturity indices for the peas from the treated and untreated plots, 
do not show any perceptible consistent differences in the rate of 
maturity. This is in harmony with earlier field observations and with 
reports of other investigators as well as with the chemical analyses of 
the peas from plots treated with potash and phosphorus. However, 
the peas from the nitrogen-treated plot showed, on an average for the 
entire season, a somewhat higher percentage of reducing sugars, a 
significantly higher percentage of sucrose, and a distinctly lowiu* 
starch content as compared with the peas from the untreated plot. 

Although the various treatments were without consistent elfect on 
content of total nitrogen, the peas of the nitrogen-treated plot exhibited 
a slightly but significantly smaller proportion of protein nitrogen than 
peas from the check or any of the other plots. On the other hand, 
peas grown on the potash-treated" and phosphorus-treated. plots 
showed a larger proportion of protein than did the che(‘k, suggesting 
more advanced or hastened maturity as a result of the treatments. 
However, the phosphorus treatment was followed by no noticeable 
difference in percentage of any of the carbohydrates, of ash, or of 
ether extract. Thus, it seems safe to conclude that the maturity and 
hence the quality of the peas were unaffected by the superphosphate. 
The peas from the potash plots, on the other hand, exhibited slightly 
and significantly higher ash and ether-extract content than did the 
checks and those receiving the othef treatments. Potash treatment 
was accompanied by increases in 3 of 5 constituents which are known 
to increase with maturity. Only the two carbohydrate fractions, 
sucrose and starch, which are*believed to be of primaiy importance in 
determining quality and maturity, were unaffected. Thus it seems 
that potash does have a slight tendency to hasten the maturity of the 
pea. This tendency, however, is so very slight, the differences are of 
such very small magnitude, that they are of questionable practical 
importance. 

Stages of maturity are characterised by distinct and marked dif¬ 
ferences. In general, more mature peas, i.e., larger peas or peas of the 
same size but of later harvest, have a larger percentage of ash, of 
ether extract (fat), total nitrogen, starch, and protein nitrogen, and a 
lower percentage of sucrose. On a dry-weight basis the percentages of 
all constituents except starch and protein nitrogen decrease as matu¬ 
rity progresses. 

Muriate of potash and superphosphate applied singly are apparently 
without consistent and significant effect upon the rate of development 
or tl^ quality of Alaska peas as indicated Tby partial chemical analysis 
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behavior in the field. Readily available nitrogen tends to delay 
maturity appreciably, as is indicated by the higher sugar and lower 
protein ana liydrolyzable-polysaccharide content. 
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ABNORMALITIES IN THE FLOWER AND FRUIT OF 
CAPSICUM FRUTESCENS ‘ 


}3y H. L. Co(’HKAN ^ 

Assistant in Department of Vegetable Crops^ New York {Cornell) Agnculiural 

Experiment filation 

INTRODUCTION 

Relatively few eases of abnormalities in Capslcvni frui€fice7is have 
received attention in the literature. The cases reported are scattered 
over a period of jiiore than half a centur}^ No detailed histoi^al 
study has apparently been made to diirerentiate between abnormali¬ 
ties infrequently occurring in the flower and the normal flower itself, 
and only in the paper by Harris {6f has any such work been reported 
on those more frequently found in the fruit. It is the objecl of this 
paper, therefore, to review' the literature confined to abnormalities in 
the genus Cofmcmn^ and to present a more detailed study of those 
occurring in both the flower and the fruit. 

The work reported here w^as done in (‘onncction with sonic studies 
that are being carried out on fruit setting in the pepper 
fnitet<ceth^ L.) as influenced by certain environmental factors. 

LITERATURE REVIEW 

The earliest and yet perhaps the most extensive investigation con¬ 
cerning abnormalities in the genus O/px/cum is that of TeiTa(‘ciano 
(/5), who noted the changing of stamens into carpels and a glowing 
together of these with the pistil in the flower of C, grossurn. He 
also reported two types of abnormalities in the fruit of (\ annmm. 
In one form the walls of the fruit, terminated by a hollow^ tubiform 
style onen at the top, showed five protuberant evaginations. Inter¬ 
nally the fruit produced no seeds but (‘ontained five similar fruits, 
likewise without seeds and with short styles having almost perfect 
stigmas, disposed upon the apex of the thalamus. 

Mottareale {10) reported adesmy of the carpels in several cases, 
and stamens that were both larger and smaller than the corolla pieces. 
He also saw diaphysis and ccblastesis o/ the fruit. Both abnormalities 
were in a few cases seen in the same fruit. Mottareale cites Terrac- 
ciano as having established that the staminate vasal collar develops 
externally like the corolla and is cajiable in (^ajmenm grosmm of 
generating carpels. Not only are the carpels formed at the alter¬ 
nating petalous points, transformation of the normal stamens, but 
also at the epipetalous points, forming small fruits by development 
and also by a change of the basal teeth with w'hich every stamen is 
provided. 

t Heceiveci for publication Dec 11,1933, Issued June, 1934 
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!ye(!kel (5) obspved pistillody of the stamens and a coalescence of 
them with the pistil in flowers of Capsicum annuum. He also re¬ 
ported that abnonnalities in the fruit were relatively common. He 
found only a single carpel in some, while in others there were present 
more or less well formed fruits. 

Some unusual types of abnormalities have been reported, chief 
among which is one by Schilberszky {13). From a common pedicel 
two individual fruits of Capsicum annuum. arose and were grown 
together at the lower side in an angle of about 80°. Both fruits were 
equal in size and normally developed. The calyx which usually has 
5 points, in this case had 10 and was forced between the single fruits 
in such a manner that it formed an obtuse angle. 

Vlallardo {2) has described a case in Capsicum annuum where 
internal tuberlike fonnations as large as 2.5 cm in diameter appeared, 
which he thought resulted from seeds becoming swollen. Welter {17) 
found that verj" often the seeds of C. annuum spnmted in the fruit. 

yiviand-Morel {16) reported a small internal fnxit in the pepper 
which originated from the apex of the axis, w'hile Halstead {I, .5) noted 
an almost identical case of a miniature included fruit that arose from 
the apex of the fleshy columella on which the seeds are bonie. It 
resembled a normal fruit very much and was green. Haymondaud 
{12) also noted a small, globular, olive-shaped internal fruit in 
Capsicum annuum. 

Penzig {11, V. 2, p. 174) reported, after a long study, that abnonnali¬ 
ties occurred rather frequently in the fruit of the genus CopsicMm. 
Penzig {11, r. S, p. 77) cites Bor6&a (/) as having found central prolifica- 
tion of the fruit in the same genus. This is also borne out by the 
findings of Harris (6‘). Irish {9) in his extensive work with the jxepper 
has reported similar abnormalities in the fniit. 

Sturtevant {14) reported that sweet peppers were subject to the 
development of a berry or berries within the beriy. These enclosed 
fruitlike bodies were in some cases fomid to produce a few seeds. 

MATERIALS AND METHODS 

During 1932-33 two cr^s of pepfters were grown in the experi¬ 
mental greenhouses of the Department of,Vegetable Crops at Cornell 
University. Plants from which material was collected were of the 
World Boater variety grown both in bank sand, to give a low-nitrogen 
series, and in soil ^h in organic matter to which sodium nitrate was 
added at weekly intervals to give a high-nitrogen series, in 1-gallon 
glazed crocks. One plant was placed in each crock and grown imder 
two controlled temperature conditions, medium 60°-70° F., and warm 
70°-80°. Fresh material was observed under a wide-field binocular 
microscope. Slides were made of paraffin sections, the material being 
killed and fixed in a elution made as follows; Solution A, 1 g chromic 
acid and 10 cc glacial acetic acid in 90 cc of water; solution B, 40 cc of 
commercial 40 percent formalin added to 10 cc of water (Karpechen- 
ko’s chromo-acetic). Equal parts of the, two solutions were mixed at 
the time they were used. Heidenhain’s iron-alum haematoxylin was 
found very satisfacto^ for staining all tissues studied in the histologi¬ 
cal part of the investigation. 
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TERATOLOGICAL TRANSITIONS IN THE FLOWER 

Tlie normal flower of (kijmcmn j^rutesccns (fijj:. 1, D) occurs either 
singly or 2 or 3 together in the axils of branches. It has a minutely 
54obed calyx and a rotate corolla timt is also 5-merous. The syle 
is linear, straight, longer than the stamens, and terminated by a 
subcapitate stigma. There|hire/^r) stamens attached to the ovary 



Fioubk l.-A, Normal bud 1 day prior to anlhesis; B, abuorinal bud devoid of pistil (note contorted area 
where pistil usually Is attached) and stamens devoid of fllainents; C\ younp abnormal bud with pro¬ 
truding style, to be compared with J), normal flower on date of anthesjs 

near the base of the corolla having heart-shaped anthers that dehisce 
by longitudinal splitting. The ovary is usually 3-cclled. 

In the case of the abnormal flower (fig. 2, A) which is ordinarily 
easily recognized, some interesting tcratological <>hanges sometimes 
take place. The calyx may undergo partial metamorphosis, thus 
exhibiting alm<»t unconceivable transitions. One very abnormal 
case was noted in this study when a calyx lobe enlarged and assumed 
the appearance of an almost fully developed petal (petalody), while 
another calyx lobe on the same flower developed into a short Tiistil 
(pistillody). According to Gray (S, p. 174) pistillody from parts 
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other than the^stainens rarely occurs. Some abnormal flowers have 
normal calyxes, i.c., 5-lobed, others have as many as 8, while still 
other's, as was noted by Mottareale (W) and the writer, may be 
completelv deprived of the calyx. 

A great variation was fo\md in the stagt' of development of the 
flower at which the transformations occur as well as the time taken 



Fioum! 2,—d, Abnormal Uower with many petals, some divided, and 13 stamens; B-C, mature trails 
sbowinK internal fruitlike bodies on receptaele; D, abnormal corolla with 0 stamens attached, of which 
8 are normal, and l laek.s the anther, hut has instea^l a round hole extending; to bottom of ftlainent. 

for their completion. Staininody may be initiated in tlie young 
bud stiige and completed .(iuring that tune, or it may not start until 
the time of anthesis. The abnormal phenomenon n|ay cease 
it this stage, leaving a contorted-appearing oigan or after a time cora- 
pleteJttelf. ’ 
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As is shown in figure 3 the abnormal corolla does not shed witldn 
2 or 3 days or become withered, like that of the normal f^o^^cr. It 
persists until the ovary develops to the j)oiiit that the basal collar 
is split, thus allowing the corolla to drop. 

While the majority of abnormal flowers contain from 7 to 9 stamens, 
•occasionally there may be more In figure 2, A is sliown a flo^ver with 
13 normal stamens, whereas in figure 1, /?, is show n another flow er with 
10 anthers completely deprived of their filaments. In figure 2, />, is a 
flower with 9 stamens, 8 nonnal ones and another devoid of its anther 
Imt with an opening at the aj>e\ that extends to the bottom of the 
filament. A similar case of the latter abnormality was reported by 
Mottareale (/O). y 

Stamens sometimes undergo partial retrogressive metamorphosis 
thus causing sOnie of them to unite with the petals, and thev may even 



FiGurtE 3 -Plant of Cap'tkum frulmenn sbowinR abnormal i‘oroUas ^hidi persist in beiiiR attar hod 

take the appearaaoc of petals but may not coinpleto the transition to 
petalody. However, this completion was observed duriii}; the course 
of this study. 

The abnormal style is perhaps the most easily recof^nized flower 
part. Normally it can be detected in the early bud stage by its 
unusual protrusion above the tightly closed petals. It is generally 
short apd broad, and often sevei-ely contorted as is shown in figure 1, C. 
Complete imthesis of such flowers is delayed, and owing to the early 
emergence of the stigmtttie surfax'C beyond the stamens, the chances 
for self-pdllination are very small. Owing to this and to the fact that 
sometimes such stigmatic surfaces fail to become receptiv'c, the 
ovules are not fertilized and the fruits develop parthenocarpieally. 
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However, crose-poUination and perhaps self-pollination, evidently 
take place in a few cases. A point of great interest at this stage is 
the behavior of such styles with reference to their development and 
abscission. Normal styles at the time of anthesis are rarely more than 
1 mm in diameter near the base and 5 mm in length. The styles 
usually dry up and drop soon after fertilization has taken place. Veij 
often the style of an abnormal flower has become 2 to 2.5 mm in 
diameter and 7 to 9 mm in length by the time the flower opens. It 
does not abs<'iss but invariably remains attached to the ovaiy, 
develops chlorophyll, and iru'reases in size with the ovary until 
maturity, at which time it takes on the normal red color. The devel- 
, foment of the various stages of the abnormal style is shown in figure 
4. Occasionally flow’ers develop devoid of styles as can be seen in 
figure 1, B. There is usually a more or less contorted cavity at the 
apex of the ovary in such fruits. The ovary may in some cases 
split longitudinally into a rosette of stylar portions, some separate, 
other united. Each portion may develop a stigmatic surface wliich 




t Development of the fcbuormal stjle it doe', not absciss bu< (ootinues m p:ro^^(h with the 
o\ar> (\)roIlas have been romosed from the larger fruits 

nppcarb to be very abnormal. Such (“onditions aie not found \cjy 
frequently, however, and the stage to wlueh they develop dej)ends 
on the age of the o\ ary 

TERATOLOGICAL TRANSFORMATIONS IN THE FRUIT 

Manis (7) in working with okra, statfls* 

Among the vaiious phenomena that may be includeiJ bv the teratologihts nmler 
tlie term “prohfioation of the fruit”, one of the mosl mterehting is the prodiie.- 
tion of a more or less completely formed second fruit inside the first Generalh, 
the mcludeil "fruit” is distinctly abnormal in character, often reduced to a 
whorl, or a senes of whorls, of irregularly formed and usually stenle carpels 

The frintlike structures in Capsicum fruiescen^ apparently have no 
definite form but vary from an irregular contorted body through 
an almost perfectly, formed sterile fruit, comparable in shape with 
the one in which it is produced, to linear bodies fnirii a few millimeters 
to 2 cm in length, some of wluch are terminated by a mmute style 
A few of the fiuitlike bodies noted, however, contained no styles', as 
is shown in table 1 It is also apparent from those data that other 
bodies contained mote than one style. Several bodies had as many 
as three styles, and they were not always normal in form as some 
were veiy much fasciated In one case there were four styles. One 
style, Jmwever, was practically always found attached at the apex of 
the mmy while the others were usually fonned near the apex or on 
the tom. This is ^own in figure 2, B, C. ^ 
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Table 1. —IHsirihuiion of ahnormaliiies in the fruits of Capsicum frutescens 
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163 

156 

7 ^ 

4 29 

37 

28 

54 

V, . 

Feb. 16,1933 

60-70 1 

228 

217 

11 

4 82 

.34 

16 

32 1 

7 . -- 

Feb. 1933 

60-70 

19.5 

187 


4 10 

22 

15 

21 

8 .. 

Mac 19,1933 

70-80 

142 

132 

10 

7 04 

36 

19 

32 

0 . 

May 6,1933 

70 80 

223 

216 

7 

3. 13 

15 

10 

1 

10 . 

May 19,1933 

(") 

216 

202 

14 

6. 48 

.50 

40 

86 

11 ... _ 

July 13,193:3 

(-) 

147 

125 1 

1 22 

1 

j 14 96 

.55 

41 

|_ 81 

TotHl. 



2.022 

1.020 1 102 

1 5 04 

i 177 

329 

i .596 





.. 

_ 


1 

1 _ 


! i 


Seeds 
in ab¬ 
normal 
fruits 


Num¬ 

ber 

H 

34 

•Js 

Mb 

1 

280 

M 


88(i 


" 'Pcniperature uncontrolled 


The (lata in table 1 show a seasonal distribution of the abnormalities 
in the fruits. Even though the percentage of abnormal fruits was not 
unusually high at any one time, abnonnal fruits were i>r('sent through¬ 
out the duration of the experiment. The nutn})er of internal liodics 
was in no way constant. In fact, the detenuination (^f such was some¬ 
times rather difficult because of the varying degrees of fusion of tlu' 
members of the oxitov whorls and the small size of those of the inm'r 
ones. Harris (6’) counted the number of styles and used this as a 
criterion of the number of internal abonormalities in but 

the writer found the method unsatisfactory in the present study be¬ 
cause some of the inchided bodies contained more than one style. 
In the majority of castes rei)orted here, counts wore iiiadc under a 
wide-field binocular mic'.roscope using a dissecting needle to separate 
the sometimes much entangled fruitlike structures. Some fniits 
contained (3nly 1 of these structures, while others had as many as IS 
to 20, and in one case 22 of such abnormalities were noted. They 
completely filled the fruit cavity. 

HISTOLOGICAL DIFFERENTIATIONS BETWEEN PARTS OF THE 
NORMAL FLOWER AND FRUIT AND EXISTING ABNORMALITIES 

Since no prerious work has been reported that differentiates histo¬ 
logically between abnormalities infrequently occurring in the flower 
and the nonxial flower itself, attention has naturally been focused on 
this relationship here. Figure 5, A and /?, shows cross sections of a 
normal style and the style of an internal fniitlike body. Both are, 
similar in some tissues, yet as a whole their development and tissue 
arrangement resemble each other but very little. The style of the 
abnormal fruit failed to develop a stylar canal. This fact may offer 
a partial explanation for the failure of the internal abnormal fruitlike 
bodies to become fertilized, and to form seed oven when pollen has been 
applied to the stigmalike surface. Some abnormal styles were found 
to contain only 1 vascular bimdle while others were frequently qoted 
that ci^ntained from 6 to 8. The usual number of vascular bundles 
found in the normal style is 4. 
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The conducting tissue through which the pollen tubes pass is usually 
iound immediately surroundi^ the stylar cenal as is shown in figure 
5, A In the abnormal style it inay be completely absent or found to 



Kiguke ') A, Ooss section of noimal stvle p, Pareuchyma tb, va&cular bundle, et, (onductmt; tissue 
w, stvlar canal B, Cross section of abnormal style of internal fruttlike body XI78 


one side and aometunes mixed m with the parenchyma tissue. This 
can be seen in figure 5, B 

Harris, (6, p. 137) in his incntion of the histological similarity exist¬ 
ing between carpellike bodies and the wall of the fruit, writes: 

Beth show the exceedingly heavy epidemis and the largc-cellod parenchyma¬ 
tous tissue. The bodies show one or more vascumr bundles slmiltur to 
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those of the wall of the fruit. When fresh sections are examined, numerous chloro- 
plasts are seen in both but they are generally more abundant in the wall of the 
fruit. 


That the wall of the internal fniitlike body u similar histologically 
to the wall of a nornial fruit is shown in figure (>, A and B. There are 


s. f 




Figure 6 .- -.4, Cross section of wall of normal fruit: e, Kpklermis; epicarp; p, parenchyma li, Cross 
section of wall of internal fniitlike body. >< 750. 

some differences noted, however, in that the wall of the fruit contains 
several layers of cells constituting the epicarp which arc absent in the 
wall of the fruitlike body. The former also contains much larger 

aS.’STS—34—« 
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pkrenchyjtna cells than does the latter. The chloroplasts and vascular 
bundles were similar in both cases. 

DISCUSSION 

The question as to what factors cause the development of abnor¬ 
malities has probably arisen in the minds of all workers who have’ 
reported them, but up to the present time explanations are lacking. 
Mottareale (10) is the only previous worker who has attempted to cor¬ 
relate environmental conditions with the existence of these abnoraiali- 
ties. He attributed the abnormalities found in the flower and fruit of 
Capsicum annum and C. grossum to short periods of cold weather 
ander which the plants wore grown. This explanation, liowever, does 
not seein altogether feasible, since he later repeated the same treat¬ 
ment twice and was unable to obtain similar results. Work of the 
writer tends to disprove the idea that low temperature is the only 
factor that results in the initiation and production of ahnoniialities. 
Those that are reported here were produced on plants grown under 
controlled medium (60° to 70° F.) and high (70° to 80° ) temperatures 
in greenhouses during the winter of 1032, and under uncontrolled 
temperatures (70° to 110°) in greenhouses during the summer of 1933. 
This does not prove, however, that abnormalities would not be initi¬ 
ated under still lower temperatures than those used in this study. 
The data in table 1 show that the number as well as the percentage of 
abnormal fruits was greater during the summer under high uncon¬ 
trolled te.mperatures than at any other tune of the year. This fact 
suggests that high te.raperature is more effective in producing abnormal 
fruits than is medium temperature. In addition, the results of exami¬ 
nation of a large number of flowers during the same periods agree with 
these findings in regard to the fruits. 

From the berinning of this study indications seemed to show that 
a competition for nutrients or elaborated food between the rapidly 
growing normal plant parts may be the cause of the initiation of 
abnormalities since they appeared first on plants in the low-nitrogen 
series. Soon afterwards, liowever, several abnormal fruits and one 
abnormal flower were noted on pltints in the liigh-nitrogen series. 

In fact, by the time the experiment terminated plants in the bigh- 
nitro^en series had produced more abnormalities than those in the 
low-nitrogen series, probably because the former produced more 
flowers and fruits. 

SUMMARY 

A review of the literature concerning abnormalities in the genus 
Capsicum and a detailed study of those occurring in both the flower 
and the fruit are reported here. 

A very rare c^e* was noted in which two calyx lobes on the same 
flower assumed different teratological transformations, namely, 
pistillody and petalody. 

There is no definite stage in the formation of the flower at which 
the transitions are initiated or completed. 

The abnorma.1 corolla does not drop or wither within 2 or 3 days 
but peiwts until the ovary develops to the point that the basal collaiV 
splits <uid this allows the corolla to drop, 

^o^q^s may undergo pariial rettogressive metamorphosis, thus , 
oaunw aome of tpem to unite with the petals, and may even take ' 
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the appearance of such, but may not complete the transition t*o 
petalodfy. 

The abnormal style can commonly be detected in the early bud 
stage by its unusual protrusion above the tightly closed petals. It 
does not absciss but remains attached to the ovary, develops chloro¬ 
phyll, and increases in size with the ovary until maturity, at which 
time it takes on the normal red color. 

The internal fruitlike bodies are usually distinctly abnormal in 
(diaracter. Some have no style, while other have as many as 3, and 
in one case 4 were noted. 

The number of internal abnormalities was in no way constant, 
as they ranged all the way from 1 to 22. 

Histological ^differentiations are made between parts of the normal 
flower and fruit and existing abnormalities. 

Both the style of a normal flower and that of an interal fruitlike 
laxly are similar in some tissues, yet as a whole their development 
and tissue arrangement parallel each other but very little. The 
fruitlike bodies failed to develop any indications of a stylar canal. 

Histological similarities between the wall of the internal fruitlike 
body and the wall of the fruit are interesting. Both have a heavy 
epiefermis, large parenchyma cells, cliloroplasts, and vascular bundles. 
There is one very distinct difference, however, in that the fruit wall 
contains several layers of cells, which make up the epicarp and which 
are absent in the wall of the carpel like body. 

While both abnormal flowers and fruits were produced more abund¬ 
antly on plants growing \mder high and high uncontrolled tempera¬ 
tures, they appeared to some extent on plants under medium tem¬ 
perature. 
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. SOIL TREATMENT IN RELATION TO CLUBROOT OF 
' CABBAGE > 

By R. H. Lahson, Odsistant in plant pathology, Univernity of Wiscomm, and former¬ 
ly agent, Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant 
Industry, and J. C. Walker, professor of plant pathology. University of Wiscon¬ 
sin, and agent. Division of Fruit and Vegetable Crops and Diseases, Bureau of 
Plant Industry 

INTRODUCTION 

Thti invostijmtion herein described is a continuation of work carried 
on by Wellman ^ during the years 1924 to 192S inclusive. In a report 
of bis studies he noted that the hydrate was the most effective com¬ 
pound of calcium used to control cluhroot of cabbage. In 1928 he 
secured good control of the disease on severely infested soil in Kenosha 
County, Wis., with a 2-ton treatment of this chemical. In 1930 and 
1931 field treatments were carried out by the writers on infested soil 
in the same locality. Since in these cases even heavier treatments of 
the soil with calcium hydrate had little effect upon cluhroot infection, 
further studies were undertaken to determine, if possible, what 
factors might influence the effectiveness of liming materials. 

I'revious work on the relation of soil reaction to infection by the 
cluhroot organism (Piasmodiophora hrasairue Wor.) has been reviewed 
by Wellman. Chupp ^ and Wellman * both succeeded in completely 
inhibiting infection in the greenhouse by applying calcium hydrate in 
sufficient quantities to make the soil reaction slightlv alkaline. In 
the field experiments results were not always consistent. Ravn ® 
secured considerable reduction in infection by the use of finely 
divided CaCO,, and still better control with a mi.xture of CaCXlj and 
CaO. It is important to note, however, that in some cases severe 
infection occurred and he was unable to c.xplain the variation. Chupp® 
failed to secure effective control in the field with calcium hydiate in 
the early part of the season, although late-seoson plantings on the 
same soil were much less severely infected. Wellman secured com¬ 
plete inhibition of infection in the greenhouse with a 2-ton application 
of calcium hydrate, but this treatment did not preclude root infection 
in the field, although it did give very good control. In an examination 
of the numerous reports of liming e.xperiments with cluhroot, one is 
impressed most by the lack of consistent success in disease control in 
the field. 


‘ Heceived for publication Dec. 8, 1933; Issued June, 1934. Cooperative investigations of the Wiscou- 
^n Agricultural Experiment Station and the Division of Fruit and Vegetable Crops and Diseases, 
Bureau of Plant Industry, U.S. Department of Agriculture. 

* WbllmaN, F. L. CLUBROOT OF CRUCIFIRH. tf.S. Dept. Agr. Tech. Bull, 181, 32 pp., illus. 1930. 

» Chupp, C. clUbroot in relation to soil alkaunity. Phytopathology 18: 301-306, illus. 1928. 
^Wbllman, F. L. See footnote 2. 

» KAVN, F. K. FORS0O MRP ANVXNPELSR AF KALK OO KITNSTRO0DN1NU SOU MIPDKL MOP KAALBKOKS- 
VAMP. Tidsskr, Landbr. Planteavl 17: 1163]-177. 1910. 

- FOBS0O MED ANVENDELSE AF KALE SOM MIPPEL MOD KAALBHOKSVAMP. Tidsskr. B and bt, 

Planteavl 18: l867)-392. 1911. 

0 Oaupp, C, See footnote 3. 
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FIELD EXPERIMENTS 

The field experiments discussed herein were conducted on two 
badlj' infested fields. One of these was located near Somers, Kenosha 
County, Wis., and will be referred to hereafter as the Miller plot. 
The other was located near FranksviUo, Wis., and is designated as the 
Franksville plot. The Miller plot was nearly level except for a low 
.swale which passed through it. The soil was a well-drained Carring¬ 
ton silty clay loam, quite uniform in consistency. The Franksville 
plot had a slight irregular slope, and the soil was a Clyde silty clay 
loam. The commercial cabbage crop of 1930 on this area was quite 

? feneraily infected, but the infection was noticeably least severe on the 
ower portion of the slope. 

EXPERIMENTS ON THE MILLER PLOT 
1930 Trials 

A heavy ajiplication of manure was made before plowing. After 
the laud was prepared, 3-10-10 fertilizer was disked jn thoroughlv at 
the rate of 1,000 pounds per acre. The liming materials were applied 
and disked into the soil on June 9 and cabbage {Brasslca oleracea 
capitaia L.) plants were set on June 20. Two t.vpes of hydrate w'ere 
used. One, which will be referred to as calcium hydrate, had been 
prepared from limerock consisting of about 95 percent calcium 
carbonate. The other, dolomitic hydrate, was prepared fi’om 
dolomitic limestone which contained approximately equal amounts 
of calcium carbonate and magnesium carbonate. 

At the time of liming, the soil was relatively dr.v and it remained 
so until transplanting. For 2 weeks after transplanting there was no 
rain, and the only addition of water during this period W'as that 
applied around the plants when they were set. Thus the conditions 
following transplanting were, according to Monteith,^ those least 
favorable for infection, although the “watering-in” of the plants 
would, according to Wellman*, be sufficient to favor a certain amount 
of infection. , 

The reaction of the soil before lime was applied was pH 5.5, and at 
the end of the season in the untreated area it w’as pH 5.8. In the 
2-ton calcium hydrate treatment the reaction of the soil changed 
from pH 5.5 to 7.1, and in the 4-ton treatment to 7.4. In the case 
of dolomitic hydrate the pH of the soil was somewhat higher, shifting 
from 5.5 to 7.2 in the 2-lon treatment and to 7.6 in the 4-ton treatment. 

General infection became evident by the flagging of the plants 
during the middle of the day about 8 weeks after they were trans¬ 
planted. This distinguishing symptom of clubroot infection was 
apparent over most of the plot. At this time there appeared to be 
little difference between the treated and untreated areas. It is 
worthy of note, however, that the cabbage on the area treated with 
dolomitic hydrate, 4 tons per acre, produced somewhat larger plants 
than did those on the areas rocemi^ the other treatments. 

After the yield data were taken, a large number of plants in each of 
the treated and untreated areas were pulled and the roots examined t|i 

> JSdOKTXlTH, J., JR. RRMTION OF SOIT, TKMPSRATURK AN» SOtt MOISTURR TO lNFKCTIOJ« BY PLASMO^^Iu 
PiEtORA BSAsaiCA^. JoiiT. ART. Research 28: 549^562, iilus. 1924. 

»fpCAITANt F. U See footnote 2. 
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deterniine the amount and severity of the disease. All the roots 
examined were more or less clubbed. There was no measurable 
difference in the extent of infection in the treated and the untreated 
areas except that in the former the clubs were usually intact, whereas 
n the latter they were usually completely decayed, indicating that 
nfection has taken place earlier. 

Less than 2 percent of the plants in the treated areas produced 
marketable heads. The amount of practical control was negligible, 
and no measurable differences in jdeld between the four treated areas 
and the untreated area were secured except on the low area in one 
portion of the field. In this area, which was favored with a higher 
level of soil moisture during the growing season, some evidence of the 
action of the lime as a disease inhibitor was observed. The plants 
made much better growth as the season progressed, and when the root 
systems were examined at the end of the growing period a large 
percentage of plants fiom the limed portion showed complete inhibi¬ 
tion of infection, while in the unlimed portion infection was general. 

It is evident from the results of this season that even though calcium 
and dolomitic hydrate were applied in amounts sufficient to change 
the reaction of the soil to w’dl above ])I1 7.0, the amount of infection 
in most of the plot was not materially affected. This suggested that 
seasonal or soil conditions influenced the efTectiveness of the hydrate 
in some way not indi(‘at.ed by the pH readiTig. 

1931 Tuialb 

In 1931 portions of the same treated and untreated areas of the 
Miller plot were replanted without further application of liming 
materials. Another portion of the same field w as laid out for further 
trials. To this various amounts of calcium hydrate and Agstone 
(finely ground dolomitic limestone) were applied in tlie autumn of 
1930. The field was jfianted to cabbage on June 1, 1931. Rainfall 
was again below- normal during the growing season. 

Taklk 1 .—Effect of various soil treatments upon soil reaction and yield of cabbage 
on a clubroot-infested soil; Miller ploty 19S1 


Material ai)plied 


Hate of 
applica¬ 
tion per 
acre 


None. 


Tons 

0 


Uate of 
aiiplica- 
tjon, 
1930 


Dolomitic hydrate, 


Calcium hydrate. 


Agstone. -- .. I 


2 June 9 
4 -..do,. .. 
2 —.do.— 

4 --.do,— 

1 Oct. 22 

2 .do,. .. 

1 ---do. 

2 ...do.... 

4 . --do. 



SojI rjjactiou 


Yield. September 1931 


50 

June 

1931 

Septem¬ 
ber 1931 

! Plants 

i 

Market¬ 

able 

heads 

Weight 
of head.s 
per acre 

pTI 

pH 

pH 

Numbtr 

Percent 

Tons 

.*». h 

.1.8 

f).S 

2,110 

! 1 

0 34 

7.2 

7.1 

7.0 

246 

6 

.25 

7.6 

7.4 

7.4 

243 

11 

.31 

7.0 

7.0 

0.8 

249 

A 

.12 

7.4 

7.2 

7.2 

210 

5 

.15 

5.5 

7.2 

7.0 

961 

17 

1.42 

5 5 

7.3 

7.1 

908 

23 

2 08 

6.6 

7.1 

7.1 

971 

28 

1.98 

5.6 

7,4 

7.2 

965 

26 

2.98 

5.5 

7.4 

7.2 

462 

3 I 

. 17 

5.6 

7.8 

7.6 

471 

4 

.24 


In table 1 is shown the reaction of the soil in the various plots in 
August 1*930, at the time of transplanting in June 1931 and at the*end 
of the season in September 1931. At the time the plants were set the 
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soil in all treated plots was neutral or above. In fact there was then 
little difference in soil reaction between the plots that had been treated 
with Agstone and those that had been treated with hydrate in October 
1930, or between the plots treated with hydrate in June 1930 and 
those treated with hydrate in October 1930. In spite of this there 
was no appreciable reduction in clubroot infection in the Iwdrate- 
treated plote of June 1930, nor in the Agstone-treated plots of October 
1930. Wiile infection was general in the hydrate plots of October 
1930, there were distinct benefits from these treatments, as is shown 
by the percentage of marketable heads produced. Even in these 
cases, however, a commercially profitable degree of control was not 
attained. 

EXPEKIMENTS ON THE FRANKSVILLE PLOT 

19iU Tkials 

The Franksville plot was plowed in the autumn of 1930, and to 
certain portions of it IJ 2 and 2J4 tons of calcium hydrate per acre 
and 4 and 8 tons of Agstone per acre were applied on October 22, 1930. 
Further treatments of calcium hydrate were applied to other portions 
at the rate of 1and 2){ tons per acre the following spring, one series 
of treatments being made on April 25, as early as seasonal conditions 
permitted, and the other on June 2, shortly before the entire plot 
was planted on June 5, 


Table 2. —Effect of various soil treatments iwon soil reaction and yield of cabbage 
on a clubroot-infested soil; Franksville plot, 19S1 


Material aj»plie<l 


None. 

Agstone---. - 


Calcmin hydrate 




Soil react 1011 

Yield, September 
19.31 

Kale of 






appUca- 

Date of ap- 





tion 
per acre 

plication 

Septem¬ 
ber 1930 

Septern- 
tier 1931 

Plants 

Market¬ 

able 

heads 

Tons 


pJI 

pii 

Nv mber 

Percent 

0 

- . - 

fi 2 

0.3 

2.078 

2 

( ! 

Oct. 22,l»30 

a. 2 

7 9 

S64 

3 

do _ 

0.2 

7.4 

870 

5 


.do.- 

0.2 

7.0 

2.074 

25 


.do. 

0 2 

7.2 

2,170 

34 

m> 

Apr 25.1931* 

0.2 

7.0 

571 

27 

21 ^ 

. -do _ . 

0.2 

7.2 

507 

37 

Ui 

June 2, 1931 

0.2 

7.1 

574 

30 

2 h 

do . . 

0.2 

7 2 

572 

41 


In table 2 the effect of the various treatments upon soil reaction 
and upon yield of marketable heads i^ven. All treatments changed 
the reaction to neutral or above. The heavier Agstone treatment 
gave the highest pH reading, but there was little effect upon clubroot 
•as measured by the percentage of plants which produced marketable 
heads. The calcium hydrate treatments as a whole were much more 
effective, the heavier of these treatments raising the pH slightiy and 
giving somewhat higher percentages of marketable heads. None of 
the hydrate treatments gave what might be considered a commercially 
suocessfid control. Although there was some reduction in the amount 
of clubbing as compared with that on the untreated area and on the 
areajbf^a^ with Agstone, the roots of most plants were more or less' 
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The results obtained in 1931 on the Miller plot suggested that fall 
application might be more effective since in this (‘ase it was more 
influential than the treatment of the spring of 1930. Chupp^ 
attributed increasing effectiveness of h^^drate during the current 
season to the time required for the hydrate to liecome active. In the 
Franksville experiment a direct cornpaiison between fall, early spring, 
and late spring applications of hydrate is made. No indication is 
given that a long interval between application and planting enhanced 
the inhibition of infection. In fact, the last application, made 3 
days before planting, gave slightly better results, although the actual 
differences are negligible. 

19 .‘J 2 Trials 

The F'ranksville plot was replanted in 1932, wdth no further addi¬ 
tions of lime. The purpose was to determine whether oi* not the 
ti‘eatments of 1931 would affect clubroot infection the second season 
after application. The rainfall w^as somewhat heavier and more 
evenly distributed than in 1931. As the season progressed it became 
increasingly evident that the disease was less severe in the lower 
portions of the field regardlcvss of treatment. In the final collection 
of data the peicentage of infection and marketal)le heads was esti¬ 
mated in high and low^ portions of tlie same treated area where such 
an area traversed both levels. The data thus secured are given in 
table 3. In general the amount of infection was slight in the low' por¬ 
tions of the plot and severe in the higli ])ortions, irrespective of treat¬ 
ment, and tliere was no direct correlation lietween soil reaction and 
inhibition of clubroot. 


Tmjle 3 .-- Effect of various aoil treahnents upon noil reaction^ ijieldy and clubroot 

infection^ FrankaviUe plot, lOfi? 


Matoritti apaluHl 


None. 


Agstoiie. 


Calcium hydrate, 


I I 





Soil 


Clubroot 

Kate of 



reac- 

Mai- 

ketahU* 

heads 

uifecl ion 

applictt- 
tiou per 

Date of ap- 
plication 

Elevatum 

tlOIl, 


— 

acre 



l cm her 
1932 

Severe 

Slight 





Per- 

Pa- 

Pa- 

7*0 


HikIi .. . . 

nil 

cent 

cent 

ctnt 

0 

... 

0 9 

0 

1(K) 

0 

0 


. do 

t) 9 

1 

9S 

0 

11 


Kow 

7 0 

1)7 

2 

1 

0 i 


High 

fi 9 

1 

9K 

0 

» 


Low - - 

7 2 

OK 

2 

4 

4 

Oet 22,'i«;io 

Ulph .... 

(i 3 

1 

9K 

0 

a 

.do 

. --do . . 

f) 4 

1 

9K 


l‘s 

_do 

du- - - - 

7 0 

! 1 

98 

! 0 

1‘2 

do 

Low_ 

7.3 

49 1 

i 1ft 

1 K 

l<2 

Apr. 25J«31 

High - 

1 0 K 

14 1 

1 80 

i 4 

Ua 

June 2,1931 

_do. 

! 7.0 

12 

i 92 

I 4 

2‘i 

Oet 22.1930 

. .do - - 

7.0 

' 1 1 

98 

0 


_do - . - 

Low.. _ 

7 3 

: 441 

4 

4 

3^ 

Apr. 25,1931 

do__ 

7.2 

57 i 

1 4 

8 


June 2,1931 

- du. 

7.2 

1 

1 52 ' 

l 


0 


The results of the field trials over a period of 3 years indicated that 
seasonal and soil factors influence greatly the action of liming materials 
^as clubroot inhibitors. The remamder of this paper is concerned 
study, of certain enviroiunental factors in the greenhouse. 


• Chuff, C. See footnoto 3. 
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GREENHOUSE EXPERIMENTS ^ 

In pot experiments in the greenhouse, Welhnan found tiiat as the 
chemicals were added to the soil in increasinc amounts, infection was 
inhibited by Ca{OH )2 when the pH reached 7.3, by CaCOs when it 
reached 7.9, but when K 2 CO 3 was applied until the pH reached 8.1 > 
infection still occurred. This experiment was repeated by the writers' 
and certain other chemicals were included. Untreated soil from the 
Miller field was used. The experiment was run in three replications 
in 2 -gallon earthenware crocks. The soil moisture was held at 75 to 
SO percent of the water-holding capacity. The results are given in 
table 4. 


Table 4. —Kffecl of application of varioim chemicals to clubroot-infesled soil vpon 
sou reaction and disease development in pots in the greenhouse 


rheraical applied 

Hate of 
appliea- 

tJOU 

per 

acre 

Soil 

reac¬ 

tion 

Series 1 

Healthy 

plants 

Dis¬ 

eased 

plants 

Soil 

reac¬ 

tion 

Series 2 

Healthy 

plants 

1 

Dis¬ 

eased 

plants 

Soil 

reac¬ 

tion 

Series 3 

Healthy 

plants 

Dis¬ 

eased 

plants 











Num- 


Tons 

pH 

Number 

Number 

pll 

Na mber 

Nu mber 

pH 

Nn mber 

ber 


1 

6 7 

0 

20 

5.8 

« 

20 

5.7 

0 

20 

Commercial Agstone. 

2 

4 

(}.« 

7.2 

3 

20 

17 

0 

7,0 

7.2 

5 ! 
20 ! 

15 

0 

6.9 

7.8 

4 

20 

16 

0 


8 

7. fi 

20 

0 

7.5 

20 

0 

7 7 ' 

20 

0 


1 

f). 5 

0 

20 

6.6 

0 

20 

6 9 

0 

20 

CaCOa. 

2 

« « 

13 , 

7 

7 0 

8 

12 

7 0 

9 

11 

3 

7 0 

20 

0 

• 7.3 

20 

0 

7.2 

20 

0 


1 

0.7 

4 1 

16 

6 9 

6 

14 

6.9 

8 . 

12 

MgCOa. 

2 

7 1 

18 1 

2 

7 3 

17 

3 

i 7 2 

20 

0 

3 

7.3 

20 j 

0 

7.3 

20 

0 

\ ” ^ 

20 

0 

('•gmmercial calcium 

1 

C.il 

3 

17 

7 1 

4 

1 16 

7.0 

6 

14 

hydrate. 

2 

7 2 

20 

0 

7.4 1 

20 

« 

7 3 

20 

0 

3 

7#4 

20 

0 

7 4' 

20 

! 0 

7.6 

20 

0 


1 

(1 H 

2 

18 

7 1 1 

4 

16 

7 0 

6 

16 

('a(OH )2 . 

2 

7 2 

20 

0 

7.3 I 

20 

0 

7 3 

20 ! 

U 

3 

7.6 

i ^ 

0 

7.4 1 

20 

1 ^ 

1 7 3 

20 

U 


1 

7,1 

20 

0 

7. 1 ! 

20 


7.2 

20 

0 

CaO. 

2 

7.3 

20 

0 

7.3 

20 

0 

7.3 

20 ! 

0 


3 

7.8 

20 

U 

7 4 

20 

0 

7.4 

20 1 

0 


1 

5.6 

0 

20 

6.8 1 

0 

20 

6 8 

0 

20 

NajCOa.. 

2 

5.9 

0 

20 

6.1 : 

0 

20 

6.1 

0 

20 


3 

6.1 

0 

20 

^641 

0 

20 

6.3 

0 

20 


1 

6.7 

0 

20 

* 6.7 

0 

1 20 

6.9 

u 

20 

K 2 CO 3 . 

2 

5.9 

0 

20 

i 6.8 1 

0 

[ 20 

6.1 

0 

20 


3 

6.1 

0 

20 

6 0. 

0 

1 20 

6.3 

0 

20 


1 

5.8 

0 

20 

5.6 

0 

1 20 

6.6 

0 

20 

Na2S04. 

2 

6.1 

0* 

20 

6.0 

0 

20 

6.8 

0 1 

20 


3 

6.4 

0 

20 

6.1 

0 

20 

6.1 

0 

20 

Untreated soil. 

0 

5.7 

0 

40 


0 

40 

5.6 

0 

; 1 

40 


NaaCOs, K2CO3, and NaaSO*^ in the amounts used, raised the pH 
only slightly and did not affect clubroot infection. Commercial 
Agstone, finely ground dolomitic limestone, distinctly inliibited 
infection when the spil reaction reached pH 6.9 and completely pre¬ 
vented infection at pH 7.2 and 7.6. CaCOs gave sinular results, 
wliile MgC 03 was not completely effective until the soil reaction 
reached pH 7.3. These results differ from those of Wellman, who 
did not secure complete inhibition with CaCO, until the pH reached 
7.9. Ca(OH)a produced little effect at pH 6.8 and 6.9 but was com¬ 
pletely effective at 7,2 and above, while CaO prevented infection at 
' 7'Uj ^ ^ _ 

10 F. L., footnote 2. 
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It may be seen in this experiment that in the greenhouse tliose 
chemicals that were applied in amounts sufficient to raise the soil 
reaction slightly above neutral were in general very effective in pre¬ 
venting infection. This is in direct contrast to the results of field 
experiments described above in which the application of some of the 
same materials in quantities which raised the pH to 7.0 to 7.8 usually 
failed to prevent an abundant development of disease. As was 
pointed out earlier, in the Miller plot in 1930 and in the Franksville 
plot in 1932, calcium hydrate was effective in low portions of the fields 
where the soil moisture was relatively higher and conditions for plant 
growth were more favorable. Tn the greenhouse experinients a 
reasonably constant and favorable soil moisture was maintained and 
here also liming materials were effective. 

In the autumn of 1930 soil was secured from the untreated area and 
from eacli of the areas which had received 2- and 4-ton applications 
of calcium hydrate in the 1930 trials on the Miller plot. The reac¬ 
tion of the untreated soil was pH 5.8, that of the soil from the 2-ton 
area was pH 7.1, and tl)at from the 4-ton area was pH 7.4. The 
three lots of soil were placed in 2-gallon earthenware jars and kept 
at 70 to 80 percent of the water-holding capacity. Twenty plants 
were grown in each sample for I month and the experiment was repli¬ 
cated at three different times. Heavy infection with clubroot was 
secured throughout the series in every plant on the untreated soil. 
No infection whatever occurred in the soil from the treated areas. 
In the autumn of 1931 soil was collected from the areas of the Miller 
plot which had received 4-ton and 8-ton applications of Agstone 
in October 1930. It may be recalled that in the 1931 season there had 
been no evidence of disease inhibition in these areas (table 1). At 
the time of collection the soil from the 4-ton Agstone area had a 
reaction of pH 7.4, and that from the 8-ton area had a reaction of 
pH 7.8. This soil was set up as described in the last exj)eriment, 
and untreated soil was again used as a control. Forty ])lants were 
grown in each sample of soil for approximately 4 weeks. At rhe end 
of that time all plants in the untreated soil were severely diseased, 
none was diseased in the soil receiving the 8-ton treatment, while in 
that receiving the 4-ton treatment about 50 percent of the plants w’ere 
infected. The experiment was repeated and the outcome was similar. 
These results gave conclusive evidence that the conditions surround¬ 
ing the experiment in the greenhouse permitted complete control in the 
soil treated with 2-ton and 4-ton applications of calcium hydrate and 
an 8-ton application of Agstone, while conditions in the field had 
allowed heavy infection in the same soils. These results conform with 
those of other workers, wdio have secured consistent and convincing 
evidence of the effectiveness of lime in greenhouse tests while in the 
field various degrees of inconsistency have prevailed. * 

A study of this soil was continued by laking samples from the 
calcium-hydrate-treated areas over a period of about 2 years, and 
conducting greenhouse trials in the manner described above. The 
results are given in table 5. It is to be noted that as the interval 
after treatment increased the reaction of the treated soil gradually 
reverted to neutral and below. As the soil became more atud the 
percentage of infected plants gradually increased. 
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Tabl'e 5. —CluhrooU infection in fiehUtfeaied soil when removed to the greenhouse at 
various intervals after treatment 


Treatment 


CaJciuin hydrate, 2 tons 


per acre 

CTuIciuni hydrate, 4 tons 

per am __ 

DoJomulc hydrate, 2 tons 

per acre . ... 

Dolomitk* hydrate, 4 tons 


per aero . 


Untreated 


Greenhouse tests with soil collected after—* 


2 months 12 months 17 months 23 months 


——' - 


a 

i 


£ 

- 


a 


1 

.6 

i 

i 

% 

i 

i 



i 



1 



c 

f| 

1 

a 

SI 


a 

§,1 


c 



03 

flS ^ 

X 

CB 

,5 

X 

S 

.2 


00 



cw 


&. 


cu 

Q. 

Pu 

Ph 

A 


P- 


Niim- 

Pn- 


Nnm- 

Pn- 


Nuin- 

Per- 


Nu w- 

Per- 


her 

C'nt 


her 

cent 


bn 

cent 


ber 

cent 

- 7 1 

70 1 

0 

7.0 

70 

IK 

0 H 

70 

m 

6 4 

70 

90 

7 4 

70 

0 

7 3 

70 

0 

7.0 

70 

0 

6.7 

70 

40 

. 7 2 

70 

0 

7 I 

70 

1 12 

0.9 

70 

m 

6.4 

70 

70 

. 7.(1 

70 

0 

7 4 

; 70 

« 

7 1 

70 

0 

6.9 

70 

30 

6 H 

70 

100 

_ 


70 

JOO 

5 i\ 

70 

iOO 

6 

70 

100 


In the 1930 and 1931 field trials the soil moisture was relatively low 
for a major portion of the time, while in the greenhouse experiments 
it was kept consistently high. In order to ascertain whether soil 
moisture was a determining factor in the effectiveness of lime, siul 
from both 2-ton treatments with calcium and dolomitic hydrate, in 
the 1930 Miller jiiot was set up at fairly constant soil-moisture levels 
of about 40 to 50 percent, 55 to 65 percent, and 70 to 80 percent of 
the water-holding capacity. Plants were transplanted to the crocks 
and the moisture levels maintained for 5 weeks. At the end of that 
time the plants in the untreated soil were uniformly infected at all 
moisture levels. In treated soils there was complete inhibition of 
infection at all moisture levels. The experiment was extended to the 
8-ton Agstonc-treated soil from the 1931 Miller plot. This soil was 
held at moisture levels of 40 to 50, 50 to 60, 60 to 70, 70 to 80, and 80 
to 90 percent of the water-holding capacity. After 4 weeks all plants 
on the untreated soil held at 70 to 80*}>ercent of the water-holding 
capacity were diseased. There were no diseased plants in the Agstone- 
treated soil at any of the moisture levels. The entire experiment was 
repeated with identical results. 

Altlmugh the effectiveness of the two types of hydrate and Agstone 
as inliibitors of infection was uniform over a range of relatively con¬ 
stant soil-moisture levels, the conditions which prevailed still did not 
simulate those in the field, where there is usually a fluctuation of the 
moisture content of the soil. The next experiment was set up to 
observe the effect on infection of fluctuation m soil moisture. 

• Untreated soil and soil from the 2-ton treatment with calcium 
hydrate in the 1930 Miller plot were used in the winter of 1930-31. 
Two earthenware crocks were filled with the calcium hydrate field- 
treated soil and two with untreated soil. Ten plants were set in each 
crock and the moisture content of the soil was held at 70 to 80 per- 
ce;nt of the water-holding capacity. Another lot of the treated soil 
viras allowed to dry out until the moisture content was below 16 per¬ 
cent of the 'water-holding capacity. Four flats 20 inches long, 14 
and 12 inches deep were filled to a depth of 9 inches. Six 
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plants were set in each fiat, each plant bein^ watered in with 30 cc 
of water. After 5 days 50 cc of water was added to each flat by spray¬ 
ing it uniformly over the surface. After another 5 days 100 cc was 
added in the same manner and this procedure was repeated every 5 
days during the remainder of the 0 weeks’ duration of the experiment. 
Thus, in the earthenware crocks the soil moisture was quite constant 
and relatively high throughout the experiment. In the flats, however, 
the conditions resembled more closely those in the field trials, wdiere 
plants were watered into relatively dry soil. The high moisture con¬ 
tent of the soil around such transplants, besides being sufficient for 
infection, stimulated emergence of new secondary roots, wdiich soon 
grew into the soil. The moisture content of this soil varied consider¬ 
ably from day to day and at different distances from the surface. 

After 6 weeks the plants from all crocks and flats were removed and 
the experiment was ref)eated. Tlie results of both series are given in 
table (). In the crocks in which the moisture content w as kept reason¬ 
ably constant the results of previous experiments were duplicated. 
Every plant in the untreated soil was infected, but there was no 
infection in the treated soil. On the other hand, in the flats in wdiich 
the moisture around the plants was relatively high at the time of 
transplanting, but was allowed to fluctuate in the w^hole bulk of the 
soil, every plant was infected. It is true that the average soil moisture 
in the flats w^as lower than in the same soil in the crocks, but infection 
cannot bo attributed to low soil moisture alone since in previous experi¬ 
ments constant low soil moisture failed to favor infection. It appears 
that the fluctuation of soil moisture at relatively lower levels provided 
the proper conditions for infection in spite of the fact that calcium 
hydrate had been incorporated in the soil. Under these conditions 
the organism infected the plants readily as it had done earlier in the 
1930 Miller plot. 


Table 6 .—Cluhroot infection in cnlcium-hydrate-^treated and in untreated soil at 
constant and ft urinating soil moisture 




Series l 

Series 2 

Treiitment 

Conditum of soil moisture 

Plants 

Plants i 

Plants 

Plants 


• 

used 

infected 

used 

infected 

— . - - 

.... 

Niimhrr 

Prrernt 

Sii mh€T 

Percevf 

Untrf^oted..... 

Held al 70 to 80 percent of the 
waler-holdinp capaclLN in 
crooks. 

20 

1(K) ; 

j 

20 

100 

Calcium hydrate, 2 tons f>er 
acre 

_do__ 

20 

0 

i 1 

20 

0 

bo. . .. 

Started at Ifi iwceiit of the waler- 
holdinp capacity, and allowed 
to fluctuate in flats 

24 

! 1 

24: 

100 


Similar lots of treated and untreated soil were next set up in 
2-gallon earthenware crocks at 70 to 80 percent of the water-holding 
capacity. The untreated soil and part of the crocks containing 
treated soil were held at constant high soil moisture by daily weigh¬ 
ing and addition of water. The remaining crocks of treated soil 
were allowed to dry out gradually until the soil moisture approached 
40 percent of the water-holding capacity. They were then br5ught 
up to the original moisture content by Ihe addition of water. This 
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process was repeated twice during an interval of 4 weeks. When the 
plants were removed and examined all those in the untreated soil 
were diseased. In the treated soil no infection occurred where the 
moisture was held constant nor where the moisture level fell and 
rose periodically. Thus this type of fluctuation had the opposite 
effect from that in which fluctuation at low soil moisture occurred. 

Another experiment was conducted to determine the effect of aera¬ 
tion of treated soil upon infection. Two-ton calcium-hydrate- 
treated soil was placed in 2-galion earthenware crocks and a per¬ 
forated soft lead tube was incorporated in the soil. By this means a 
continuous flow of air was forced through the soil. An equal number 
of nonaerated crocks were used. During the course of the experiment 
the soil moisture fluctuated from 65 to 80 percent of the water-holding 
capacity. After 30 days the plants were removed and the roots 
examined. The results of two series of experiments, given in table 7, 
show that the introduction of air into the treated soil resulted in 35 
to 40 percent infection, while in nonaerated treated soil only 1 plant 
in 40 became infected. In untreated nonaerated soil all plants were 
severely diseased. 

Table 7. —Effect of aeration of calciwn-hydratc-trcalcd noil upon cliibrooi infertion 


Soil treatment 

Aeration 

(Aerated.. 

S’eries i 

Series 2 

J’lnnts 

.used 

Plants 

infeeted 

PUmts 
' used 

1 

Plants 

infected 

("aldiim hydrate, 2 tons per acre. 
Untreated. . 

NvmbfT 

20 
20 
20 1 

Prreevi 

35 

5 

100 

Number 

20 

20 

20 

Pertrnt 

40 

0 

100 

1 Vonaerated. 

—.t-do. 


DISCUSSION 

Under the climatic, conditions of 1930 to 1932, inclusive, hydrated 
lime did not unifonuly inhibit clubroot infection in the field, although 
the soil reaction was in many cases vlianged to pH 7.0 or higher. 
However, when the same soil was removed to the greenhouse and 
plants were grown in it, the treatment was completely effective in 
preventing infection. Under the latter condition, where frequent 
watering was carried out, calcium hydrate, calcium carbonate, cal¬ 
cium oxide, and magnesium carbonate all reduced infection percep¬ 
tibly when added in amounts sufficient to raise the pH to about 7.0, 
and usually inhibited infection completely at pH 7.2 or above. High 
or low relatively constant soil moisture did not change the degree of 
inhibition. Fluctuation of soil moisture and forced aeration, how- 
•ever, did permit varying degrees of infection in soil. It appears that 
fluctuation in soil moisture is likely to permit infection in slightly 
alkaline field soils. 

While thia study does not expl^ the fundamental bases of the 
^eotiveness of lime as a clubroot inhibitor under various conditions, 
Ihe ^ults do show significant differences between greenhouse and 
field trials., It is obvious that greenhouse pot tests are not a tnie 
index of what may be expected in the field. If one were to consider* 
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the greenhouse results given in table 4 alone there is ground for con- 
cludii^ that a distinct correlation exists between soil reaction and 
infection by the cluhroot organism. Why this does not hold in the 
field is not explained, but it is clear that when the soil moisture fluc¬ 
tuates at relatively low levels abundant infection may occur at soil- 
reaction values which give no infection under the conditions of the 
experiments recorded in table 4. 

It is suggested in this connection that the soil-reaction determina¬ 
tion as ordinarily made is not necessarily a true index of the actual 
pH value of the soil closely adjacent to the roots. Thorn and Hum- 
feld ” studied the reaction of soil particles adherent to fibrous root 
from a number of crop plants grown in a range of acid and alkaline 
soils. The soil in this zone, compared with the soil mass as a whole, 
was less acid when an acid soil was used, and less alkaline when an 
alkaline soil was used. It is possible that in the slightly alkaline 
treated soil employed in this study, the reaction in the iininediate 
vicinity of the roots w’^as sufliciently acid, under field conditions, to 
permit abundant infection. It is evident that treatment of soil 
sufficient to inhibit infection in the greenhouse in no sense eliminates 
the organism. Wlien the reaction of such a soil naturally reverts to 
below pH 7.0 abundant infection occurs even when favorable soil 
moisture is maintained (table 5). 

These results are offered only as they api^y to the two soil types 
used. It is quite possible that heavier soils, iugher in water-holding 
capacity, would yiedd entirely different results. 

SUMMARY 

Field treatments of Carrington silty clay loam and Clyde silty clay 
loam with calcium hydrate and calcium magnesium (‘arliionate which 
raised the reaction to pH 7.1 and above did not generally inhibit 
clubroot development. 

In treated soils, removed to the greenhouse, cabbage plants re¬ 
mained free from infection while in untreated soil from the same 
field there was abundant disease development. 

Under greenhouse conditions infection was inhibited in treated 
soil at high, intermediate, and low' relatively constant moisture 
levels. 

(lalcium hydrate, calcium carbonate, calcium oxide, and magne¬ 
sium carbonate all reduced infection perceptibly in well-watered soil 
when added in sufficient amounts to raise the reaction of an acid soil 
to about pH 7.0, and usually inhibited infection completely at pH 7.2 
or above. 

Fluctuation of soil moisture at a relatively low soil-moisture level 
and forced aeration of the soil permitted varying degrees of infection 
in treated soils. 

It is suggested that low fluctuating soil moisture is an influential 
factor in fimiting the effectiveness of lime as a clubroot inhibitor in 
the field. 


” Thom, r., and HuMFEin, H. notes on tiik AssoruTiON ok MirHooR'-.ANisMs and roots. Soil Soi. 
32f2»-3«. 1932. 
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.LIFE HISTORY OF THE CROWN-GALL ORGANISM IN 
RELATION TO ITS PATHOGENESIS ON THE RED 
RASPBERRY* 

By W. M. Banpield ® 

Formerly agent, Divigion of Frnil and Vegetable Crops and Diseases, Bureau of 
Plant Industry, United States Deparlmeni of Agriculture 

INTRODUCTION 

Crown gall, caused by Phytommas tumefaciens (Smith and Town.) 
Bei^ey et al. {Bacterium tumejaciens Smith and Town.), is a serious 
and wide-spread disease of cane fruits. Though much attention has 
been given to various other phases of the crown-gall problem, com¬ 
paratively little study has been made of it on cane fruits, and the life 
history of the causal organism in relation to pathogenesis has been 
but imperfectly understood. The present investigation was under¬ 
taken in an effort to define important points in the life history of the 
causal organism in relation to its pathogenesis on the red raspberry 
{Ruhus strigosus Michx.) in the hope that such knowledge might con¬ 
tribute toward the development of control measures. 

One strain of Phytomonm tumefaciens was used in most of the experi¬ 
ments reported herein. This strain was originally isolated by the 
writer from a crown gall on Wealthy apple. It has been described as 
strain 2018 in studies recently reported by Riker et al. iS7, 28),^ and 
was repeatedly demonstrated throughout the entire course of these 
investigations to be highly pathogenic on tomato, Sedum, tobacco, 
apple, Bryophyllum, sugar beet, and the underground parts of both 
red and black raspberry varieties. The reactions on several common 
laboratory media and host plante, induced by 18 strains of the crown- 
gall organism isolated by the writer from as many collections of crown 
gall on the roots of red faspbeiry from Wisconsin, Indiana, and Michi¬ 
gan, have not differed from those induced by strain 2018. 

EXIT OF THE CROWN-GALL ORGANISM FROM THE HOST 

It has frequently been considered that the crown-gall organism is 
released from the galls only at the time of their disintegration. From 
the recent experimental work discussed herein it has been found, how- 
5ver, that under favorable moisture conditions crown-gall bacteria are 
5ontinuously passed off from the surface of living crown galls. 

1 Keceived for publication Nov. 1933; issued July 1934. This work was done as part of a cooiierative 
rown-eall project of the Bureau of Plant Industry, UDepartment of Agriculture, and the Wisconsin Agri* 
ultutfu Exxieriment Station. 

> The writer takes pleasure in acknowledging the advice and encouragement given him during the course 
t this work by the members of the Departments of Plant Pathology and of Economic Entomology of 
be University of Wisconsin. He also wisnes to express his indetedness to Prof, A. A. (Iranovsky, formerly 
if tlie Department of Economic Entomology of the University of Wisconsin, for assistance in prejraring 
he illustrations. 
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That the soil m which diseased plants are ^wn contains the crown- 
gall oiganism has been suggested by several investigators, who have 
reported that susceptible plants grown in such soil become diseased (/, 
2, IS, 17, 21,25, S4, S6, S8). Patel (22) has reported successful isola¬ 
tion of the crown-g^l oiganism from the soil of niusery fields that had 
produced crops affected by the disease. It has commonly been 
assumed that the bacteria in the galls are liberated when tne galls 
decajr (5, 6, 17, 18). The limited experimental evidence does not 
sustain this widely held assumption. Biker and Keitt (29) reported 
that “from two dozen recorded attempts at isolation from decaying 
crown-gall tissue, no crown-gall bacteria were found.” The present 
writer has likewise been unsuccessful with either potato-dextrose or 
bile-agar media (22) in many isolation trials from decaying or decayed 
crown-gall tissue. Robinson and WaJkden (SI) reported that they 
had observed great nurabere of crown-gall bacteria on the surface of 
living crown galls and that prolonged exposure to running water 
reduced the bacterial population on the surface by about 200 to 1. 

Each of two active crown galls free from decay was successively 
immersed for different periods in a series of equal volumes of sterile 
water (table 1). Upon transfer of the gall from one quantity of water 
to the next in the series, a bacterial plate count was made of the water 
in which the gall had just been immersed. The results (table 1) are 
from (1) a crown gall induced on the underground portions of a tomato 
stem by inoculation about 30 days prior to the time of the experiment, 
and (2) a crown gall Induced by inoculation on the underground por¬ 
tion of the scion of a vigorously growing Wealt]^ apple graft about 
10 weeks prior to the time of the experiment. The bacterial counts 
made of the successive wash waters show (1) that during the time of 
the experiment the bacteria were passing from the surface of the gall 
to the surroundingwrater, and (2) that the number of bacteria given 
off to the water during any immersion period was a very small fraction 
of the total bacterial population of the gall. 

Table 1. —Number of crown-gall bacteria found in successive 10 cc volumes of 
sterile water in which a crown gall had been immersed for the time indicated in the 
sequence given 


Specimen and treatment 

Duration 
of treat* 
ment 

Bacteria 
fouLd in 
water 

i»{)ecimen and treatment 

Duration 
of treat¬ 
ment 

Bacteria 
found in 
water 

Tomato crown gall: 

Minutes 

JSttmber 

Apple crown gall-— cod td. 

Minutes 

Number 

Immersed in water 

10 

4,050,000 

Immersed In water 

10 

2,120,000 

Do. 

30 

4,300,000 

Do. 

40 

49,670,000 

1)0.*. 

10 

6^,000 

Do.. . . 

10 

'893; 400 

Do. 

10 

2,717,000 

Surface washed in run* 


Do. 

30 

13.470,000 

ning water«.. 

[ 70 


Do. fr. 

10 

1,367,000,000 

Immersed in water«... 

10 

2^,120 

Apple crown gall. 



Do... 

1 60 

10,463,000 

immersed in water 

10 

3,267,000 

Do. . 

10 

550,000,000 

Surface washed in run^ 






ning water . 

35 






* Imin«rs 0 d in 10 oc of sterile water in a large test tube. 

Maceraied and placed in 10 oo of sterile water. 

« Placed on cheesecloth in a stream of water falling from a faucet. 


AMal pwtions of the stems of a number of succulent tomato plants 
Maled in small cylindrical glass chambers within jvhicn the 
b^terial flora could be controlled. These cylinders were 1 % inches in 
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, diameter by 3 inches long, with a T side-arm extension of glass tubing 
one half inch in diameter and three fourths of an inch long. They were 
slipped down over the leaves of young tomato plants and held in 
place by clamps supported on ring stands. The open ends of the 
cylinders were closed by thin sections of a one-hole rubber stopper of 
suitable diameter. Adhesive tape was bound over the outside of the 
stoppers and the ends of the cylinders. Tlie ends were then sealed 
witlx a mixture of vaseline and paraffin, which was poured in a liquid 
state through the side arm and around the stem at the bottom of the 
cylinder. After the 
mixture had hardened, 
a thin layer of liquid 
vaseline was placed on 
top of the -paraffin- 
vaseline mixture. The 
top end of the cylinder 
was sealed by holding 
the potted plant with 
the attached cylinder 
upside down. All mo¬ 
tion of the stem within 
thecylinder thu tinight 
break the vaseline seal 
in subsequent manipu¬ 
lations was jxrevented 
by binding the pot in 
which the plant was 
growing to the base of 
the ring stand support¬ 
ing the cylinder (fig. 1). 

The surfaces of those 
portions of the stems 
which wore sealed in 
the cylinders were then 
disinfected, inoculated, 
and again disinfected. > 

Disinfection was ac¬ 
complished by filling 
the cylinders for 10 
minutes with silver ni¬ 
trate solution (1:1,000), i 
introduced, as were all , 

materials subsequently FioubeI.— mass cylinder .<ieBled over a section ol toniatn stem. In 
isTnnlnvarl f KrrkiiiYli maimer sec’tions of tomato stem were held for short intervals of 

einpiOyea, tnrougll tu© ^ime under aseptic conditions* 

Side arm of the cylm- 

der, the free end of which w'as closed by a removable rubber stopper. 
After the silver nitrate solution had been removed, the cylinder were 
washed with three successive changes of sterile water, each of which 
was held in the chamber for 10 minutes. 

A plate count was made of a fourth change of sterile water as a 
chjck on the effectiveness of the disinfection. One day after disin¬ 
fection the sterile surfaces of the stems within the cylinders were 
inoculated by thrusting into each stem a needle that had been smeated 
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wit>h a crown-^all culture. As protection against oontamination, 
cheesecloth* moistened with silver nitrate solution was held over the 
cylinder during this and other manipulations. Two days after 
inoculation the stem surfaces within the cylinders were again disin¬ 
fected, eud a plate count similar to that just described was made as 
a check on the effectiveness of the disinfection. 

Two months later an estimate was made of the number of crown- 
gall bacteria on the surfaces of the stems and large galls induced 
within the chambers by inoculation. This estimate was obtained 
by plate counts made of sterile water with which the chamber had 
been filled and in which the gall had been immersed for 10 minutes. 
The results from three cylinders in which galls had been successfully 
induced by the method just described showed that immediately after 
the first and the second disinfections no crown-gall bacteria were 
present on the surface of the stem. Moreover, no bacterial or fungal 
colonies developed in these plates. But 2 months later the plate 
counts showed 1,000,000, 4,000,000, and 24,000,000 crown-gall 
bacteria present on the surface of the stems and galls enclosed, 
reroectively, by the three cylinders. 

^fore disinfection of the gall surfaces, immediately after disin¬ 
fection, and at various intervals of time thereafter, estimates were 
made of the bacterial population on the surfaces of three other 
tomato crown galls held under aseptic conditions witliin the glass 
cylinders just described. Before disinfection an average of 3,750,000 
living crowQ-gall bacteria were found. Thirty minutes afterdisinfec¬ 
tion there was none; 4 hours later there were 4,000; 36 hours after 
disinfection, 13,500; and 5 days after disinfection, 4,400,000. 

LONGEVITY AND OVERWINTERING IN SOIL 
* 

Observations over a number of years have led to the belief that the 
crown^all ot^anism may live for some time in soil in which diseased 
plants have grown (I, IS, 21, 34, 35). Experimental evidence 
reported herein demonstrates that the crown-gall organism over¬ 
winters in the soil under ordinaiy field conditions and that it may live 
for more than a year in unsterilized soils held free from the growth of 
seed plants. 

Experimental evidence as to the overwintering and longevity of the 
crown-gall organism has been'reported by several writers {3, 19, 23, 
24). Muncie (19) states that tomato plants transplanted to inocu¬ 
lated soil became infected until 154 days after the soil had been 
inoculated. Patel (23) reported that be was able to recover the 
organism in a pathogenic state from inoculated imsterilized soils 
in which it had overwintered under fidd conditions at Ames, 
Iowa. From a series of isolation trials made from various types 
of inoculated uasterilized smls held moist under laboratory con¬ 
ditions, he concluded that the organism “may live longer in 
sandy soils than in clays.” He was able successfully to isolate 
and demons^ate the pathogenicity of the oi^nism 669 days after 
inoculi^ion in unsteruized loam. On the basis of isolations from 
the soils of a number of nursery fields. Fatal reported that “the 
pathogenic fwm of Pa. tuToefariena is localized in the field, • * ‘ * 
■in gose proximity to true galls”, and that “organisms resembling 
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Fs, tumefaciens are not generally found in soils from which crops 
susceptible to this pathogene are absent/^ 

To determine whether the organism overwinters under field con¬ 
ditions at Madison, Wis., two plots of soil 3 feet square were inocu¬ 
lated September 23, 1926, and isolations were attempted in November 
and again in May of the following spring. Two diverse soil types 
were chosen, one a neutral peat and the other a Clyde silt loam. 
Inoculation to a depth of 2 feet was accomplished by removing the 
top layer of soil and treating the underlying layers first with a heavy 
suspension of Phytomonas tumefaciens. This was prepared by diluting, 
at the rate of 1 culture per 6 quarts of water, 6-day mass cultures 
grown on agar slopes in flat 11-ounce bottles. The suspension was 
mixed at once with the soil at the rate of 1 pint per cubic foot of soil. 
Soil samples-for isolation were taken from 4 to 7 inches below the 
surface of the soil in each plot. Soil dilutions of 1:1,000, 1:10,000 
and 1:100,000 were used to pour agar plates with PatePs bile medium 
(22). Five plates were poured for each dilution and were incubated 
6 days at 28° C. They were then examined for crown-gall-like 
(‘.olonies, a number of which were selected, and with each colony from 
2 to 10 inoculations were made on tomato stems. The ability of 
these bacteria to induce galls when inoculated into susceptible 
tomato stems was the criterion used in identifying the crown-gall 
oi^anism. The results, recorded in table 2, show that the organism 
overwintered in the soil of these two fallow field plots. 

Table 2. —Overwintering of Phytomonaa tumefaciens in e types of soil under field 
conditions at Madison^ Wis.^ 19^6 27 ^ 


P. tumefacienB from neutral P tuinefaciem from Clyde 
peat soil silMoam soil 


Date of ieolation 

('olonies 

tasted 

Total 
inocula* j 
tions 

Inocula¬ 

tions 

positive 

Colonies 

tested 

Total 

inocula¬ 

tions 

Inocula¬ 

tions 

I»ositive 

Nov. 12, 1926 . 

May2l, 1«27 . 

Number 
! 20 
17 

Number 

40 

68 

Percent 

86 

68 

Number 

20 

34 

Number 

40 

136 

Percent 

96 

16 


« The soils were inoculated on Sept 23,1926. 


To ^ain information as to the length of time the organism might 
exist m the soil in a pathogenic state, isolations were attempted 
periodically from two samples of unsterilized inoculated soil. The 
types used were the neutral-peat and sUt-loam soils referred to above. 
They were held moist and free from the growth of seed plants in open 
cans in a cellar used for the storage of nui^iw stock. The isolation 
technic used and the criterion of successful isolation were the same as 
in the overwintering studies. The degree of success was measured by 
the percentages of the inoculations made with these colonies that 
induced crown galls on tomato stems. From the data recorded in 
table 3, it is clew that the organism can live for over a year in a 
pathogenic state in the soil in the absence of seed plants. 
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When inoculated into tomato stems, the last crown-gall colonies 
isolated from the silt-loam soil induced but very small galls. Four 


Table 3 .—Longevity of Phytomonaa tumefaciena in aamplea of 2 nnaterilized 
aoila kept in a storage cellar at MadiaoUy Wia.y « 


j 

Date of isolation 

P. iumefaciens from neutral i 
peat soil 

P. tumefaciem from Clyde 
silt-loam soil 

Colonies 

tested 

Total 

inocula¬ 

tions 

Inocula¬ 

tions 

positive 

Colonies 

tested 

Total 

inocula¬ 

tions 

Inocula¬ 

tions 

positive 

1926 

Number 

Number 

Percent 

Number 

Number 

Percent 

May 14.. .. 

10 

20 

100 

10 

20 

100 

May 31.. . _ _ 

10 

20 

100 

10 

20 

100 

June 11.. .. 

10 

20 

100 

10 

20 

1 100 

June 24.. .... 

10 

20 

100 

10 

20 

100 

July 25... . 

10 

20 

100 

10 

20 

«0 

Sept 10. .. .... 

10 

1 20 

100 

10 

20 

0 

Nov. 7- -. 

10 

20 

100 

10 

20 

70 

Dec 7- --.. 

5 

i 15 

100 

3 

24 

29 

1927 







Mar. 3... .. 

10 

! 40 

80 

4 

24 

25 

July2._._.... 

10 

40 

70 

1 ^ 

36 

0 

Oct. 10.. . 

6 

20 

0 

' 1 

8 

0 

Nov. 15. 

5 

20 

0 





® The soils were inoculated on May 1, 1928, with pure cultures and held under approMinately constant 
moisture conditions at 17® C 


inoculations were made into each of two tomato stems with the three 
Crown-gall-like colonics isolated December 7, 1926. All the inocula¬ 
tions made with two of these colonies were negative. Seven of the 
eight inoculations made with the tliird colony produced unifonn galls 
that were, however, very small as compared with the galls induced by 
parallel inoculations from a 6-day-old transfer of the stock culture 
with which the soils had been inoculated. Correspondingly, one of 
the four colonies isolated March 3, 1927, induced relatively small 
overgrowths on tomato. Although other crown-gall-like colonies 
were isolated in these and in subsequent trials, none induced any 
overerowth response whatsoever in similar pathogenicity tests. These 
results suggest that the ability of the organism to induce galls on 
tomato may have declined after it had'lived for a long period in the 
soil; or the small size of the galls induced by the last colonies isolated 
may have been due to competition with other organisms contained 
within these colonies (7, 27, 4S). 

DISSEMINATION 

Tliat crown gall is spread to new areas by the shipment of infected 
nursery stock has long been known, and careful inspection has often 
been relied upon to prevent this spread. The writer’s experimental 
evidence discussed herein indicates that rigid inspection of raspberry 

S lants does not prevent the disease from being spread in this way, 
^ ecause incipient stages of infection, which no amount of careful 
inimection can detect, may be carried by apparently healthy plants. 

wlby [SS, pp. Ill 112) reported the disease to have occurred in a 
ntunber of raspbOTry plantations in the vicinity of Florence, Ohio, 
and stated tiiat * all the groweas procured the plants from 

theiliwxie source. The plantation nom which these plants came was 
on examination, to be diseased in the same manner.” Lawrence 
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{17, p. 17) 10 years later warned Washington growers against using 
plants from diseased fields, and said: 

* * * even if only those plants are used which do not show signs of the galls 
the trouble will be quite sure to manifest itself at a later })eriod. The writer has 
scon this occur in a number of instances. 

Bennett {6, p. 22) reported: 

Plants whicli have been heeled in or which have been held in cold storage and 
wet down several times, although they may have few visible galls w^hen planted 
in tlie field, have been known to become severely diseased often before the end 
of the first season. Apparently, in such cases, the bacteria are washed from the 
few galls which may be in the bundles and find their way into wounds where they 
become established but do not produce visible swellings till after planting. 

Investigators who have studied crown gall have usually found it 
difficult to obtain plants free from the disease. Thus Smith et al. 
(SS) could draw no conclusions from certain inoculation experiments 
on red raspberry because of the infection that appeared on the roots 
of the iiniiKXMilated control plants. They state that ^^the infe<‘tion 
was probably brought along with them from the nursery, be(‘ause one 
or two knots were found on the roots of these plants when they were 
purchased.(.olby^s experience, as reported bv Keilholz (/ff), in 
conducting experiments on control of crown gall on raspberries by 
means of germicides has been similar. He states that conflicting 
results come 

* * * from not knowing whether the plants were clean when planted. An 

attempt was made to set only clean plants, but it is impossible to detect the 
crown-gall infection in its incipient stage. If the plant is already infected at 
])lanting time, the infection is quite certain to enlarge unless the soil near the 

i )lant has been so heavily treated with the germicide that the })lant itself is 
:illed. 

A t(»st was made by the writt'r to determine whether apparently 
healthy red raspberry" plants carry incipient stages of infe(‘tion. 
Plants of the Latham variety were obtained from a nursery in which 
the disease was known to be present. 1'hese plants were carefully 
examined for rnacroscopically visible infections before planting. A 
number of such plants were found bearing galls 1 mm or more in 
diameter. These were discarded. Plants selected as not \dsibly 
diseased were completely submerged for 20 minutes in a silver nitrate 
solution (1:1,000) to prevent contamination by crown-gall bacteria 
that might be present on the surface.* They were then set out in 
beds of soil which had been steamed. 

These beds had been heated by the inverted-pan method of high- 
pr(‘ssure steaming described by Johnson {15), Each bed after being 
steamed for 30 minutes with a head of 120 pounds pressure, was 
surrounded by boards as protection against contamination by surface 
water and left for 1 week before planting. Ten bods thus prepared 
were planted May 12, 1928, with 600 raspberry plants that had been 
selected and treated as described. 

Twenty-five to fifty raspberry plants were dug and examined at 
intervals of 2, 3,11, 12, and 18 months after planting. Of 344 plants 
harvested from these steamed beds during this period, 51, or 15 per¬ 
cent, were affected with crown gall. An average of 1.7 infections 
was found on diseased plants harvested within 1 year after planting. 
The size pnd condition of the galls found on plants during the first 
growing season indicated that infection had occurred prior to or soon 
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after the time of planting. Since it seems improbable that crown- 
gall organisms in the soil were not killed by the steaming or that the 
soil was reinfected during the first growing season, it appears that 
the galls which developed on these plants were due to incipient infec¬ 
tions which were present on the plants when received from the nursery 
but which were not visible. This view is supported by further evi¬ 
dence reported in a later section dealing with (1) the protracted 
incubation period of crown-gall infections under unfavorable growing 
conditit)ns and (2) the length of time wounds remain potential avenues 
of infection by Phiftomonas UmejacienH, On the raspberry, the disease 
has been reported by Bennett (6*) to occur through wounds, and by 
Dodge and Wilcox (.9) through wounds made by insects or by 
mechanical injuries.” The Great Britain Ministry of Agriculture 
and Fisheries {12) very succinctly summarizes the literature on this 
subject by saying: 

It is generally belie\ed that infection ran oeeur only through wounds, for ])rae- 
tically all atternplb to produce Crown Gall by inoculation of unwounded tissues 
have given negative results, whilst the frequent occurrence of Crown GalK on 
parts of plants which have been cut or wounded stronglv supports tlie \ iew that 
the organism is a w'ound parasite. The fact that Crowui Galls occui on loots 
and occasionally on seedlings where no evidence of wounding is apparent does 
not negative this view, for insignificant wounds made bv soil insects or b\ other 
means would suffice as ports of entry for the organism. 

Observations and experiments have beem made by the writer, as 
previously reported in abstract form (4), to determine (1) whether 
injuries on the underground parts of the red rospbeny remain subject 
to infection for relatively long periods, (2) whether in the absence of 
injuries to the underground parts of the plant crown-gall infection 
may occur, and (3) w^hether root-feeding arthropods are (‘hiefly 
responsible for the injuries through which erown-jpjall bacteria gain 
entrance to the tissues of the plant. The details of this w^ork follow 

LENGTH OF TIME INJURIES ON HOST REMAIN OPEN TO INFECTION 

The pronounced susceptibility of the red raspberry to (Town-gall 
infection miglit be explained in some measure were it demonstrated 
that injuries on the underground pafrts of this plant remain open to 
crown-gall infection for relatively long .periods. This phase of the 
problem was studied in four series of experiments over a period of 3 
years. Plants in various stages of development were studied under 
both field and greenhouse conditions. In both types of experiment 
all injuries were made at one time and inoculum was applied at va¬ 
rious intervals after wounding. The injuries in all cases were made 
by scraping through the cambial layer with a scalpel. The plants 
used were grown in soil that had previously been steamed, and pre¬ 
cautions were taken against contamination of the injuries by crown- 
gall bactc‘ria before^ the inoculum was applied. In experiments on 
plants in the field, because of the comparative ina(»cessibility of the 
roots, most of the injuries were made on the underground portion of 
the stem. After the soil around the points of injury had been re¬ 
moved, the inoculum was applied to the injuries hy means of a 
camers-hair brush. Every precaution was taken not to disturb the 
tissues at the points of injury when the soil was removed and the 
inooplum applied. Examination of the wounds was made several 
mon^s after the inoculum was applied to the last set of injuries in the 
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series. The results of the field studies made in this manner (table 4) 
indicate that injuries on the underground parts of the r(‘d raspberry 
in some cases may remain open to invasion by the crown-gall organism 
for 6 weeks. 

Table 4. —Length of time during which crown-gall infection was secured through 
injuries made on stems of red raspberry plants in the opening-hud stage of early 
springs and in the early autumn^* 

OPENlNri-BUD STAGE OF EAKLY SPKING 


Period between injury and iiuk illation (daw) 


Plant*: 

injured 


Injuries 
Injuries infected at 
inoculated** close of 
season 


1 

I 

IS 

( ontrols 


Aumtifr 1 

Surnher 

Ptrctnt 

7 1 

28 1 

T 1 

r 

20 

70 0 

f 1 

24 1 

1 14 2 

- 1 

28 

41 0 

n 1 

00 

1 ^ 


KARLY AUTUMN 


2 . 


11 . 

42 .. 

('ontrols 



21 
17 
13 I 
«'13 
21) 


i 

72 1 

77 8 

or> i 

r>7 6 

43 

k; 3 

44 

1.1 2 

60 

1 6 


« The injuries were made on the underground section of the stems of red rasjiberry plants, just before 
planting them m steamed soil on May h, 1928 

> The injuries w^ere made Sept. 1, 1928, on the midergrouud sections of the sterns of red raspberry plants 
grown in steamed soil 

• A sustiension of crown-gall bacteria was applied to the injuries with a camer.s-hair brush at various 
intervals after the time of injury 

These plants were practically in a dormant condition when the inoculum was applied to the injuries 
'I’he results were recorded at the close of the following season. 


ENTRANCE INTO HOST 

“Everything we know about crown gall points to wounds jis the 
usual, if not the only way of infection” (38). This view, held by 
Smith in 1920, has been supported by the observations (10,11, 17,19, 
29, 32, 41 , 4^) experiments of all later investigators.* Infection 
has been obtained experimentally on apple (19, 20, 27, 29, 36, 37), 
tomato (19, 26), Rlcinus (26, 30), gerapium (30), and grape (17, 18) 
only through wounds.® 

Under greenhouse conditions similar studies were made on the roots 
of red raspbeiTy plants grown in root-observation boxes. These 
plants had been grown for 1 year in the steamed-soil plots previously 
described and were free from crown-gall infections when set out in the 
boxes in the spring, since those that carried latent infections from the 
nursery had been detected and discarded. The soil in the root-obser¬ 
vation boxes was steamed at the beginning of the experiment. In 
August injuries were made on the roots in the manner already de¬ 
scribed, and at various periods of time thereafter inoculum was 
applied to them. Several months after the last group of injuries in 

* A possible exception is Stapp (40), who reported that tumors caused by Bacterium (Phytomonae) iumefa- 
dent occurred at the eyes of potatoes that were planted either in inoculated soil or m ordinary garden soil 
aft«r being dipped in a suspension of the organism. 

«Experiments made by various investigators with Phytomonat rhizogenet (68), often called the apple 
strain of the cgown-gall baoterium» are not included^ although recent research 04) on this organism^hows 
that it gains entrance to the tissues of Its host primarily if not solely through injuries. 
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the series was treated, all the injuries were examined and the pres¬ 
ence or absence* of the disease was recorded. 

Root-observation boxes of a type similar to those described by 
Dean {8) were used in these experiments. The sides of the boxes 
were made of wooden hinged doors that covered removable glass 
plates. The wooden doors could be opened readily and through the 
glass plates the roots in contact with the glass at the surface of the 
.soil could be observed without disturbing them. The glass plates 
were removed when the injuries and inoculations were made. The 
use of these boxes made it possible to manipulate and observe the 
roots without danger of causing further injury by removing the sur¬ 
rounding soil, as must be done in field experiments. By the middle 



PERIOD BETWEEN INJURY AND APPLICATION OF INOCULUM (DAYS) 


Fioure 2.”-Iyength'of time during which crown-gall infection was secured through wounds on underground 
parts of red rasplierry. The dates given are the dates at which the injuries studied in the experiments 
were made » 


of August the roots in the boxes had grown extensively and a con¬ 
siderable number were in contact with the glass plates at the sides of 
the boxes. 

Injuries were made with a scalpel, as in the field experiments. The 
injuries were then marked by means of map tacks in the ends of 
match sticks that were pashed into the soil so that the head of the 
map tack was adjacent to the injury at the surface of the soil. The 
injuries in each group in the series were made on the roots of plants 
in 1 or 2 boxes and inoculation of all the injuries in one group was 
made at one time, by sprinkling the roots on the surface of the soil 
with a suspension of crown-gall bacteria. Inoculated boxes were kept 
sepa.rate from those as yet uninoculated, to avoid the danger of cop- 
tamination of the injuries with crown-^all bacteria before the desired 
time ^interval had elapsed. The results of the experiment are shown 
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in table 5. This experiment was repeated under like conditions the 
following season, and the time was extended to 50 days. Essentially 
the same result was obtained as in all earlier experiments (lowest 
curves, fig. 2). 


Tablk 5 .—Length of time during which crown-gait infection wati secured through 
injui'iea made on roots of red raspberry plants in early auiumriy ** lOdO 


Treatment and date 


Period 
between 
injury and 
inoculation 


Injuries 

treated 


Injuries infected 


Oct. 3 


Nov. iW) 


I njurles inoculatetl 

Sept 3.,.. ... ___ 

Sept. t>. - - ^. 

Sept. 23 .... 

No inoculum applied- 

(\mtrol injuries made and moculated 

Sept. 3. 

Sept.«... 

Sept 23__.. 

Oct. 4_... .. 

Control needle-thrust inoculations 

Auir. 22-Sept 3 .. 

Oct 4. 


1 


Dayit 

4 

21 


0 

(1 

0 

0 

0 

0 


Number 

40 

50 

50 

100 

10 

10 

10 

31 

90 

31 


Percent Percent 
75 85 

40 04 

0 42 

0 0 


70 

«0 

0 

* 10 

I 


90 

90 

70 

71 



90 

77 


a The injuruvs were made on Sept 2 on the roots of healthy crow n-Kall-free plants urown in steamed soil 
in root-observation boxes 

^ A susivensioii of crown-gall bacteria was sprayed over the root and the soil in the root-observation boxes 
' Observed on Oct. 24. 


The data obtained from each experiment are presented in figure 2. 
The curves show that the percentage of treated injuries that became 
infceted deereased as the interval between the time of injury and the 
ap|)lication of inoculum increased. On vigorous plants tliis decrease 
was at first considerable, but after 10 days to 3 weeks the percentage 
of infected injuries tended to remain constant, indicating probably 
that a fair proportion of such injuries were rapidly closed to infection 
but that a small part of the injuries remained subject to infection for 
3 to 7 weeks or longer. 

A study was made to determine whether injuries on the underground 
parts of a variety more resistant to crown gall would be subject to 
invasion by the parasite for a shorter time. Latham and the sup¬ 
posedly more resistant variety Ranero were used. The experiment 
was carried out on each variety under the same conditions and in the 
same manner as the experiments descTibed above. The results are 
recorded in figure 2. The erratic results obtained in the 1930 season 
may have been due in part to the low vitality of the plants used, a 
condition that probably resulted from late planting. The results 
indicate, as did those of all earlier experiments, that injuries to the 
underground portion of the Latham red raspberiy remain subject to 
crown-gall infection for a considerable period. The comparative rec¬ 
ord on the more resistant variety, Ranero, suggests that in this respe(*t 
there is little difference in these red raspberiy varieties. 

Ranere, often called St. Regis, has been reported resistant and 
Cuthbert susceptible to crown gall. Comparative studies by the 
present writer of the development of crown gall in five varieties of 
raspberry grown during the 1930 season in inoculated sandy-loam soil 
indicate that Ranere displays some resistance to the disease (table 6). 
In this experiment the root systems of the Cuthbert plants used ivere 
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but one third as extensive as those of the Ranere. Had the plants 
been equal in size the difference between the two varieties in all proba¬ 
bility would have been more sharply defined. The Latham variety 
was not intentionally used in these tests. A few plants developed 
from roots left in these plots from an earlier planting. 

Table 6 . —Development of crown gall on 5 vanelies of raspberry grown in inoculated 

soilf 19S0 


Variety 


f\ithbert 
Cumberland 
Latham 
Plum Farmer 
Hanere 


Total 

Average 

Plants 

infected 

1 Plants 
' visibly 

plants 

RTown 

1 

galls 

(>er plant 

injured b\ 
root-feeding 
arthropods 

Numbtr 

Number 1 

1 Finent 

^ Ptnent 

90 

I 7 1 

98 

02 

V2 

i 6 0 ' 

94 


S 

1 tt fi 

1 88 

1 

48 , 

4 9 

t T*) 

77 

84 

i 2 

72 



Injuries are inevitably caused to tlie root systems of ras})bern 
plants in storage and in transit. To determine whether injuries to the 
roots caused prior to planting are subject to infection, 12 plants 
received from a nursery were injured just before they were planted 
in the inoculated soil plots described under the heading Seasonal 
development (p. 779). The injuries wer(» marked by loosely (*ncir- 
cling the stem or root at the point of injury with an aluminum wire 
band. Inspection 14 weeks after planting showed that 19 of the 4S 
injuries (40 percent) so treated had be(‘ome infected. Of the 71 
injuries made on plants set out in plots of soil that had been steamed 
none became infe(*ted., 

INFLUENCE OF MECHANICAL INJURY 

Experiments were made to determine whether crown-gall bac'teria 
enter the red raspberry only through injuries. Under controlled con¬ 
ditions in the greenhouse experiments, crown-gall infection did not 
occur in the absence of either of twafa(*tors; namely, (1) injuries to 
the underground parts of the plant and (2) crown-gall bacteria in the 
soil in which the plants were grown. Of plants grown in inoculated 
soil and not guarded against injuries to their underground parts, SO 
percent developed the disease. The average number of infections on 
these diseased plants under controlled conditions was about equal to 
that found for diseased plants grown in inoculated soil in the field. 

These experiments were carried out in the greenhouse on a limited 
number of plants known to be practically free from crown-gall infec¬ 
tions. The plants were disinfected by immersion in silver nitrate 
solution (1:1,000) for 20 minutes and then planted in 10- or r2-inch 
pots or in root-observation boxes in soil that had previously been 
steamed. Prior to the time of the experiment the plants had been 
grown for 1 or 2 years in the steamed-soil plots previously described. 
During this period the incipient stages of infection developed that 
were carried on the plants from the nursery. By discarding the 
infected plants and selecting only those that had grown at a distance 
of 3 feet or more from them, plants were obtained having a ipinimum 
of ingpient macroscopically non visible infections. The extent of this 
minimiim quantity of infection was ascertained at the close of each 
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experiment by recording the number of infections found on plants 
that had not been exposed to crown-gall bacteria during the course 
of the experiment. Tables 7 and 8 show that no infections were 
present on the plants selected 1 year after planting in steamed soil, 
but that a small number of such infections were present on plants 
removed at the end of 2 years from the steamed-soil beds. 

The plants were guarded against the effects of mechanical injury of 
two types: (1) Injury received when the plants were transplanted at 
the beginning of the expeiiments and (2) injury caused by root-feed¬ 
ing arthropods. The injury received in transplanting was practically 
eliminated as a factor in inifection by holding the steam-sterilized soil 
in which these plants were grown free from crown-gall bacteria for 
3 or 4 months. A few injuries received in transplanting became 
infected when the soil was inoculated 3.5 months after the time of 
transplanting. Practically, however, this procedure furnished an 
adequate control against this kind of infection. Injury caused by 
root-feeding arthropods was guarded against in the 1927-29 experi¬ 
ments by setting the pots or boxes on planks held 3 feet above the 
greenhouse floor by wooden supports 4 inches square. The boxes or 
pots were held three fourths of an inch above the surface of the planks 
by wooden supports 1 by 2 inches. In the experiments conducted in 
the 1930 season, protection against arthropods was attained by steam 
sterilization of tlie soil used, disinfection of plants and containers, and 
enclosing the plants and their containers within cheese-cloth cages. 
The plants that were not guarded against root-feeding arthropods 
were held on the ground (covered by a dense growth of weeds and 
sod) outside the greenhouse or on tlie soil floor within the greenhouse. 

In the experimental procedure the three main groups of plants were 
subjected to the variations in conditions shown in tables 7 and 8. 


Tahle 7.— Influence of (/) injuries caused chiefly by root-feeding arthropods and 
(£} the presence of crown-gall bacteria in the soil on crown-gall infection of red 
raspberryy 1027 29 


3« 

IS - 

2S.-. 


lnj(ine.s caused by 


''Potal p]uiil.s 


Transplanting 


j Present 

I .. do-_ . . 

j None- . - 


Koot-fecding arthro¬ 
pods 


Present. 

- do_ 

None_ 


CroiMi-gall bacteria 
in soil 


Infections 
I>er plant 
(average 
numVier) 


Present -.. -. J fit 

None - I 

TYesent... 2 

I 


Table 8 . —Influence of injuries caused chiefly by root-feeding arthropods on devel¬ 
opment of crown gall on red raspberry plants grown in inoculated soil in 1930 


Plants 

grown 

1 

j Conditions of growth 

j Injuries caused by 

Crown-^all , 
1 bacteria | 

i 

1 (lalls 
' |>er plant 
^ (average 

1 mini ben 

Platjo 

Time of trans¬ 
planting 

Transplanting 

Root-feed iiig 
art hropods 

274- - 

Field. 

Early «. 

Present_ 

Present _ 

Present 

4 8 

47. 

-do. 

Late - 

— - do -- - 

_do. 

do . - 

2 ft 

27 . - - 

Oreenhouse 

- -do 

.. -.do. 

- -.do.! 

- do. 

2 4 

39 - - . 

do - 

-- -.do. 

I-. -do 

- - do. _ 

None_ 

.3 

91- 

.do. 

- -do. - . 

None. 

None _ 

Present 

o 


a For a more detailed record of these, plants see table 6 

» Latham plants were used in all the greenhouse series and in the group of plants transplanted late in the 
held. 
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The results of the first series of experiments made in the seasons of 
19'27 to 1929 are summarized in table 7. Infection was present only 
on tliose plants subjected to both injury and the crown-gall bacterium. 
Four infections occurred on plants subjected to inoculum and guarded 
against mechanical injury caused by arthropods and against the effect 
of injury received in transplanting. These galls were 3 mm or less in 
diameter when the plants were harvested, and occurred at points of 
contact of root surface and the glass sides of the root-observation 
boxes used in the experiment. It is probable that these infections 
took place through minute abrasions of the root surface caused by 
sand grains. When pressure was applied to the doors covering the 
glass sides of the boxes, sand grains might have been forced into the 
roots at these points of contact. Infection occurred in 90 percent of 
the injuries caus<Hi for control purposes on the underground parts of 
these plants just prior to the inoculation of the soil. Of 201 injuries 
caused to these plants at various mtervals up to 21 davs i)rior to the 
application of inoculum to the soil, 134 were galled at the close of the 
growing season. From the ready response of the ])lants to inoculation 
and of the injunes caused on these plants to infection (tal)le 5) it is 
apparent that the lack of infection at other points than those inten¬ 
tionally injured or inoculated could not be attributed to the late apjdi- 
cation of inoculum to the soil in which the plants were grown. The 
results of these exi)eriments indicate that there are no natural oj)enings 
through wliich infection takes place in early autumn on the under¬ 
ground parts of the red raspberry. 

These experiments were repeated on a larger number of i)lant.s in 
1930. The methods used and the results olitainod were essentially 
the same (table 8). The first set of plants used in this exj)eriment 
was stunted by lack of adequate drainage in the new type of root- 
observation box used,-and a second series was planted in the same 
boxes in early June after this defect in construction had been corrected. 
The smaller amount of infection on the plants in tliis series subjected 
to both injury and crown-gall bacteria is beheved to have been due to 
the lower vitality of the plants, which resulted from late transplanting. 
Under field conclitions hi inoculat/cd soil the amount of infection that 
occurred on a number of the same Idt of plants was practically equal 
to that found on the plants exposed to inoculum and arthropods in 
the controlled series as previopsly descrilied. 

INFLUENCE OF ROOT-FEEDING ARTHROPODS 

Many observations suggest that root-feeding artliropods cause most 
of the injuiy to the underground parts of the raspberry through which 
crown-gall infection occurs- Injuries caused by such arthropods 
have been found in every planting of raspberries studied by the writer 
at Madison, Wis. In some plantings 85 percent of the plants were 
visibly injured in this way. tVown-gall infection frequently occurred 
at such points of injury to the underground parts of plants grown in 
inoculated soil, but most of the injuries did not liecome infected. 
The injury appeared to be caused by a number of root-feeding arthro¬ 
pod forms. 

The injury found on the plants was of several types, ranging from 
very minute abrasions of the surface of delicate rootlets to severe 
pruhing of lateral roots at the crown of the plant and decortication of 
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the underground stein and larger roots. The more insignificant types 
of injuiy appeared on tiny roots and could be detected with the naked 
eye only bv the most minute and careful examination (fig. 3, A). 
C3n the smaller roots (2 mm or less in diameter) cortical incisions were 
frequently abundant. These occurred singly (fig. 3, L) or in series 
close together and appeared as dark brown parallel lines at right 
angles to the longitudinal axis of the root (fig. 3, 7, N), Occasion¬ 

ally the smaller roots were decorticated for short distances (fig. 3, K) 
or had small shallow cavities gouged out of theii* surfaces (fig. 3, K, 
F, Gj My 0). These lesser injuries were characteristic of those found 
on plants grown on the low reclaimed soil of the marsh described in 
an earlier section of this paper. The most conspicuous type of injury 
was found on ]dants grown on the well-drained sandy-loarn jdots and 
consisted of large shallow cavities gouged out of the larger roots and 
the underground portions of the stems (fig. 4, A to E). Besides .such 
injury, many branch roots, often 50 percent or more, were completely 
severed from the plant (fig. 4, F), This type of injury was not ob¬ 
served during the seasons of 1928 and 1929. The majority of the 
plants grown on the sandy-loarn soil in 1930 were injured in this 
manner (talde 0). 

Crown-gall infection developed on a large percentage of injuries to 
the underground parts of red raspberrry plants grown in inoculated 
soil (figs, 3 and 4). Usually after several months of development the 
galls had completely ol)scured the injury through \\hich the infection 
took place. Gall development okscured within a few weeks the smaller 
injuries through wldch infection occurred (fig. 3, A to 77, N to S). 
In the seasonal-develoi>inent study discussed later there was no indi¬ 
cation of the manner in which infection occurred in over 95 percent of 
the galls. The injuries through which infection entered the i)lants 
grown in the reclaimed marsh soil were of an inconspicuous ty])e (fig.3). 

In two types of experiment, involving the exclusion and inclusion of 
arthropods, respectively, it lias been shown that root-feeding arthro¬ 
pods cause the injuries through whi(*h crown-gall infection occurs on 
the raspbi^Ty. In the exclusion experiments, groujis of Jjatham red 
raspberry plants were grown in inoculated soil from some of which 
arthropods were excluded and from some of which they were not 
excluded. The methods have been already descrilied. When no 
precautions were taken to exclude root-feeding arthropods from these 
plants, infection occurred as abundantly as under the usual field 
conditions. Wlien the plants were protected from such arthropods 
in the soil in which they were grown no infection w as observed (tables 
7 and 8). The field observations and experimental results indicate 
that under ordinary conditions root-feeding arthropods are the chief 
factor in creating the injuries through which crown-gall infections 
occur. In these experiments no attempt w^as made to ascertain what 
arthropod species caused the injuries in question. 

The artliropod-inclusion experiments consisted in confining root¬ 
feeding species (1) to limited areas of root surface and (2) to the soil 
in the container in wliich the plants w^ere growm. The arthropod 
forms used were click-bee tie larvae (Elatendae), millepedes (Dip- 
lopoda), and wliite grubs (Phyllophaga sp.). In the first type of 
experiment the larvae were confined to short uninjured lengths of 
lateral r(K)t8 from 1 to 3 mm in diameter, by enclosing a length of i2 to 
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FiouRa 3 -Uepwsentativ^ iiRjur.es caused by root^feeiing arthropxlb on roots of Latham red rasplwrry 
plants grown in the field in soil inoculated with Phutomonas tumefacient Crown-gall infection was 
found commonly on these iilanis m association with injuries caused by root-feeding arthropods ('rown 
gall has developed from infoc tion through a number of Injuries shown Injuries A, Minute abrasions of 
the root (xirtex (upper half of figure) at top of stem, barely \ islble to the naked eye, JB, C, i?, F, 0, M, O, P, 
small shallow cavities chewed from the roots, /, Jt iV, multiple incisions in the roots, K, decorticated small 
lateral roots Infections B, K, Q, Crown-gall overgrowth Just appearing from infection through injuries, 
C, 0, 0, crown-gall overgrowth is rapidly obscuring the Injuries through which infection occurred, 
B, lit lower At F, J, upper M, crown-gall overgrowth has obscured the injury through which iidec 
tion occurred, Q, U, St stages of crown-gall formation after infection through injuries caused by a scaljiel, 
//, circuit depressions have resulted from the feeding of grubs on a cro\»n g^ Scale of enlargement 
Kt K /, lit Qt St X 2; C, D, X 3, a, it J, O, i>, X 4, B, Et Ft Af, N, X 6, v4, L, X 7 
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4 inches of one or several such roots in a wire screen. The wire screen 
used was of brass (100 meshes per square inch), and was sewed with 
brass wire in the form of a tight sack, 4 by 3 by 1.5 inches, about the 



Fi<»vre 4.” Typical white-grub injury on the roots of raspberry plants Crown-gall infections were usually 
associated w ith lh»s lyp.^ of injury in 1930 at Madison, Wis„ on ail i aspberry plants grown in the field in 
soil inoculated with Piijitomonas tumefsciens. Injuries Shallow to deep civuies were gouged by white- 
grubs, Phytloph igjL sj), from the larger roots, and the underground portions of the stem of both red (A, 
B, F) an<i black (C, I), K) raspberry variaties Frequently 60 percent or more (F. left) of the lateral 
roots were eaten from plants in field pbts -.1. B, lnjurie.s caused by grubs on the roots of batham red 
rasplierry plants grown in a container of inoculated soil in which wdiite grubs had been placed Infections, 
B, Crown-g ill development at tofi not perceptible from infections through injury, A, C\ Barely percep¬ 
tible at the injury; 7>, rapidly covering the injury; and B, E, obscuring the injury. F, Representative 
r<M)t system of a series of plants grown in the greenhouse in pots of inoculated soil and subjectetl to the 
following conditions. White grubs wera placed in the soil (left) and root-feeding arthropods were excluded 
from the soil (right). Crown-gall infection has occurreil through several of the injuries caused by the 
grubs. No Injur.a** and no infection occurred on plants from which arthropods were excluded. Scale 
of enlargement: A, D, and E, X 2; C, natural size; F, natural size. 


roefts. The smaller spaces around the points where the roots pro¬ 
truded from the sack were stuffed mth glass wool. Two wireworms 
were put into each of two such wire-screen sacks, wliich were then 

68593—34-2 
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filled with soil and sewed shut. One millepede'was put into each of 
tyt^o other scfeen cages. One white grub was put into each of four 
similar root enclosures. The soil in the sacks was then inoculated by 
applying to the soil of the root-observation boxes used a suspension 
ol crown-gall bacteria. Six weeks later the screen cages were removed 
and observations were made. The roots in one of the wirewonn cages 
were not noticeablyinjured. In the other, one side of the root enclosed 
was decorticated for a length of 2 inches and crown-gaU infection had 
developed at two points along this area of injury. Since the injury 
extended past the end of the screen cage, it is possible that it may have 
been made in fastening the cage about the root. The millepede in 
one cage had decorticated the root in two places, no infection had oc¬ 
curred, and the root had died. The white grubs had eaten all the 
roots enclosed within each of the four screen cages in which they had 
been confined, leaving not a trace. Of the four, two esc^ed into the 
soil in the free space of the root-observation box. Examination 
of the roots in the box revealed injuries identical in type with those 
found on the majority of plants grown in the field in 1930 (fig. 4, A, 
B). Crown-gall infection had occurred through two of seven such 
injuries. All the arthropods employed in the foregomg studies, 
except one millepede, were recovered alive at the close of the study. 

A further experiment was made in which wldte grubs wore placed 
at large in pots in wliich disease-free raspberry plants were growing. 
The soil w’as then inoetdated, as was the soil in which a control group 
of plants were growing. The control group was protected from all 
arthropod forms. In each group there were ten C-inch pots, each 
containing two plants. Six weeks after two large wldte grubs had 
been placed in each of the pots of the first group and the soil of both 
groups had been inoculated with a suspension of crown-gall bacteria, 
all plants were washed free of soil and examined. Of the 20 plants 
grown in pots in which grubs had been phiced, all were conspicuously 
injured. Large shallow cavities had been gou^d from the under¬ 
ground part of the stem and the larger roots. Frequently the roots 
had been either chewed completely off or about half oaten away for 
a length of 1 to several inches. The lateral roots of smaller diameter 
had been largely eaten away (fig. 4, JO- Of these 20 plants 7 bad de¬ 
veloped crown-gall infection at tlie points of white-grub injury, with 
an average of 3.6 galls per plsmt; 2 of the remaining 13 had died. No 
injuries were found on the undei^ound parts of the plants in the 
parallel group that had been protected from all arthropod forms, and 
no crown gall developed on these, though both groups had been ex¬ 
posed alike to inoculum. The injury caused by these grubs was 
identical with that found on plante grown in the inoculated field 
plots in which white grubs were found in abundance (fig. 4, if to E; 
tabic 6). From these experiments and observations it is concluded 
that in 1930 wldte grubs caused most of the injury through whicli 
crown-gall infection developed on raspberry plants grown in inocu¬ 
lated soil at Madison, Wis. 

INCUBATION PERIODS 

During the studies, already described, on the length of time wounds 
reintun open to infection, variation in the incubation period of crown- 
gau infections on the underground parts of red-raspberry plants was 
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observed to occur. This variation appeared to be correlated with 
(1) the general condition of the host plant in response to environ¬ 
mental factors, particularly those relating to the season, and (2) local 
variation within individual plants due to differences in age and vigor 
of roots. It was observed that overgrowtlis of appreciable size ap¬ 
peared within 11 days after inoculations made on August 23 (table 5), 
whereas inoculations made on October 4 did not induce appreciable 
overgrowths until 3 weeks later. From the data recorded in table 5 
it is clear that many inoculations which had not induced macroscopi- 
cally visible overgrowths 3 to 4 weeks after the application of inoculum 
developed such overgrowths later. In these studies the incubation 
period of crown-gall infections on the roots of the red raspberry was 
observed to range from 11 days to more than 4 weeks. 

A knowledge of the prolonged incubation period, which appears to 
lengthen as the plants approach the dormant condition, and of the 
relatively long period in which injuries to the underground parts of 
the red raspberry may remain siibje(‘t to infection by crown-gall 
bacteria, is important in understanding the imupicnt stages of infec¬ 
tion by whi(‘h the disease is disseminated to new areas. 

SEASONAL DEVELOPMENT 

Little has been reported heretofore (‘oncerning the time at which 
crown-gall infection occurs, and the course of the development of this 
disease on the red raspberry has remained obsinire. From seasonal 
diwelopment studies reported herein it was found that crown-gall 
infection occurred (1) at random on all imderground parts of the 
plants and (2) at a practically uniform rate throughout the (^ourse of 
the two seasons studied. 

For a period of 2 years a study was made of the seasonal develop¬ 
ment of crown gall in a planting of Latham red raspberries. All the 
plants studied were without macroscopically visible infections when 
they were planted in a field plot of inoculated Clyde silt-loam soil. 
The plot was inoculated 1 day before planting by mi.xing into the 
upi)er 9 inches of soil a suspension of crown-gall bacteria applied at 
the rate of 1 ])int per square foot of soil. The suspension used was 
made and applied as described earlier for th(‘ overwintering studies. 
From time to time during the season in which these plants wc^e set out 
and during tlu'. followiiig season a niunber of plants were dug at 
random from the plot and their condition with regard to the disease 
was recorded. Each plant was washed free of soil particles in a 
stream of water, and all its parts were then examined minutely for 
macros(*opically visible infections. In tins way all visible galls on the 
plant were recorded with notations as to their size and position. 
From 40 to 75 plants were examined and discarded at each observa¬ 
tion. The data obtained from this study are presented in condensed 
form in tables 9, 10, and 11, and in figure 5. 
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Figure 5. -Seasonal development of crown gall on underground parts of red raspfwry plants grown in 
the field in soil inoculated with the crown-gall otganism. Broken line in lower graph indicates average 
number of galls tier diseased plant. 

Table 9. —Seafional davdopmsni of crown gall on underground part>^ of red raspherrt/ 
plants grown in inocuhated soilf li)28~29 




Plants examined 



Galls present 



Date 

I^KUlgth 
of time 
after 
planting 



j 

Average 
per in¬ 
fected 
plant 

Distribution according to indicated . 
diameter 


Total 

Infected 

Total 

0.6 to 

2 mm 

2.1 to 

5 mm 

6 1 to 

10 mm 

Jjarger 
than 10 
mm 

1928 

Weeks 

Number 

Percent 

Number 

Number 

Number 

Number 

Number 

Number 

June 6. 

» 

40 

20 

8 

1.0 

3 

2 

3 

0 

June 28 .... 

5 

40 

25 

11 

1.1 

8 

1 

2 

0 

July 6.... 

7 

76 

66 

68 

1.6 

49 

8 

7 

0 

July 27. 

10 

40 

68 

61 

2 2 

28 

16 

11 

7 

Au«. 17. 

IH 

75 

80 

218 

3.6 

H 

67 

68 

29 

Sept. 17- 

18 

75 

91 

247 

3.6 

36 

83 

61 

67 

Oct 28. 

24 

76 

92 

402 

5.8 

66 

99 

105 

132 

1929 










June 1. 

55 

50 

90 

286 

6.3 

34 

69 

133 

43 

AUK- 1 . 

64 

50 

94 

•271 

1 6.7 

3 

64 

110 

34 

Nov. 1. 

78 

50 

96 

1 302 

6.3 

12 

24 

180 

< 86 


tK^*"**" ™ to th« stage wb^ tliey could be 
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Table 10. —Size and location of croton galh observed during the first season pn 
underground parts of red rasplierry plants grown in inoculated soily 1928^ 


Location and size of crown galls 


Length 
of time 
after 
planting 
(weeks) 


3_ 

No. 

2 

5_. 

2 

7. 

8 

10. 

C 

13. 

2 

18. 

0 

24_ 

4 


)f indicated diameter on 

Galls of indicated diameter on 

1 Gulls of indicated diameter on 

branch roots larger than 2 

branch roots less 

than 2 



mm 




1 mm 




2.1 to 
t mm j 

6 1 to 
10 mm 

Greater 
than 10 
mm 

0 5 to 

2 mm 

21 to 
5 mm ! 

5.1 to 
10mm 

Greater 
than 10 
mm 

0 5 to 

2 mm 

1 

2 1 to 

5 ram 

i 

5 1 to 
10 mm 

Greater 
than 10 
mni 

No. 

No. 

No 

No. 

No. 

No 

No 

No 

No 

No. 

No 

2 

2 

0 

1 

0 

1 

0 

0 

0 

0 

0 

1 

2 

0 

2 

C 

0 

0 

4 

0 

0 

0 

• 2 

3 

3 

2 

4 

3 

2 

41 

2 

1 

C 

1 

5 

4 

7 

11 

4 

3 

21 

3 

2 

0 

lU 

17 

10 

21 

20 

25 

15 

31 

37 

26 

4 

11 

14 


6 

24 

26 

43 

30 

48 

22 

5 

12 

10 

L 

16 

37 

64 

74 

46 

50 

31 

19 


« For dates of observation, number of plants examined, number of infected plants, and total number of 
gulls observed, see table 9. 

Table 11 .—Size and condition of crown galls observed during the second season on 
underground parts of red raspberry plants grown in inoculated soil, 1929 *• 


Date of observation 

Condition of galls 
observed 

Total 
galls ob¬ 
served 

Average 
galls per 
plant 

Distribution of gaU.s according to 
diameter 

0 5 to 2 
mm 

2 1 to 5 
mm j 

6 1 to 10 1 
mm 

Larger 
than 10 
mm 



Nttmber 

Number 

Number 

Number 

Number 

Number 

June 1 . . .. 

/Living. 

132 

2.9 

28 

34 

53 

17 


iDead. 

153 

3 4 

6 

25 

78 

44 

Aug. 1. 

/Living. 

123 

2.6 

2 

41 

67 

23 


\Dead. 

‘ 148 

3.1 

1 

13 

53 

11 

Nov. 1. 

/Living-- .. 

170 

3.5 

12 

19 

107 

32 


iDead. 

132 

2.8 

0 

5 

73 1 

64 


• The numlier of plants examined, number of diseased plants, and the average number of infections iier 
plant are given in table 9. 

* 70 galls which had disintegrated to the .stage where their presence could be distinguished only by the 
ficars that their decay had left on the roots could not be recorded as to size. 

As an ecological check, two smaller plots of Miami sandy loam were 
inoculated and planted at the same time as the silt-loam plot described 
above. These smaller plots were situated on a gentle slope about 1 
mile distant from the drained low marshland on winch the silt-loam 
plot was located. The same soil treatments and the same plant 
materials were used in both experiments. The plants in the smaller 
plots were not examined until the close of the second season, however, 
at which time all were harvested and a detailed record was made of 
their condition with reference to the disease. The comparative record 
of the development of crown gall on plants grown in these inoculated 
sandy-loara and silt-loam soils is shown in table 12. 
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T.ablb 12. —Comparison of crown galls found on red raspberry plants grown in 
sandy4oam and in clay4oam inoculated soils " 








1 Distribution according to diameter of crown galls 






Aver¬ 

age 

galls 




observed 




Age of plants 

Plot 

Total 

In¬ 

fected 

plants 

Total 


Living 



Dead 


and soil type 

no. ! 

plants 

1 

galls 

in¬ 

fected 

plant 










1 

0.5 

2 1 

5.1 

Larger 

0 5 

2 1 

5.1 : 

Large! 






to 

to 

to 

than 

to 

t,0 

to 

than 







2 mm 

6 mm 

lOmin 

10 imn 

2 mm 

5 mm 

10mm 

10 mm 

2-yeftr plants: 


No, 

Pci. 

No. 

No. 

No. 

No. 

No. 

No 

No. 

No. 

No 

A"o. 

Sandy loam_ 

22 

t 37 

9 .*) 

1 285 

8.1 

32 

28 

94 

31 

0 

2 

49 

49 

Do . 

21 

34 

94 

fc283 

8 8 

51 

53 

118 

61 





Clay loam 

I year plants. 

M 

50 

9fi 

302 

6 3 

12 

19 

107 

32 

0 

5 

73 

54 

Sandy loam. 

22 

28 

57 

37) 

2 2 

14 

(5 

9 

6 

0 

0 

0 

0 

Do ..... 

21 

30 

(17 

«131 

5.4 



L 






Clay loam .. 

M 

04 

17 

22 

1 4 

3 


! 13 

4 

0 

0 

r "o 

"(') 


« i)ata were recorded al time of harvesting (he plants at close of second growing season suliscfiiicnt to 
])lanting in inoculated soil 
^ No record was made of the condition of the.se galls 
' No record was made of the condition or size of these galls. 


A further check to ascertain the number of undeveloped infections 
that these plants carried when shii)ped from commercial nursery 
storage was made in parallel plantings on sandy-loam plots that had 
been steamed. These plots w’ere at a slightly higher level and were 
adjacent to the inoculated sandy-loam plots described above. The 
development of the disease on the plants in these steamed plots has 
been discussed already. All plots ^^-ere planted from a shijmient of 
Jjatham red raspberry plants received from a nursery in May 1928. 

The following is a summary and brief discussion of the results of the 
study of the seasonal development of crown gall on red raspberry 
plants grown in inoculated soils. 

Infection occurred at all times and at a practically uniform rate 
throughout the entire growing season. 

The number of plants showing crowm-gall infection increased 
rapidly from 20 percent in early June of the first season (an increase 
at that time of 5 percent over the •controls planted in the steamed 
beds) to about 90 percent by the middle of September. The number 
of diseased plants then gradually increased to 96 percent by the close 
of the second season (table 9, fig. 5). 

The number of infections per plant increased steadily and at a 
practically uniform rate tliroughout the growing season. This in¬ 
crease appeare as a relatively uniform progression when the number 
of infections is plotted against time (fig. 5). The average number of 
infections found per diseased plant in June was 1.0 as contrasted with 
5.8 at the close of the season. In June of the second season a maxi¬ 
mum of 6.3 infections per diseased plant was reached. Although new 
infections continually appeared during the second season (table 11) 
the number of galls found per diseased plant remained about constant. 
This may have been due in part to decomposition of galls formed as a 
result of infections that occurred during the first season. 

Infection appeared to occur at random on all undergroimd parts 
(fig, 6). It did not seem to be confined to any particular develop¬ 
mental phase or portion of the plant. On the underground section 
of thp stem, on the branch roots of large or small diameter, infection 








t K IBK 0 — 1 vpical crown gall on the roots of 1 atham red raspberry plants grov» n in the field in soil yiocu 
lated with Fhytomona$ tumefackns This type of crown gall 0( (urred on the root s of o\ er W'i iierc ent of the 
Idants grown under these conditions ierial portions of the plants were affected \or> rarel> less than 
0 2 percent of all plants grown 
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oorurred alike and continuously throughout the season (table 10) 
As discussed in an earlier section, infection appeared with greatest 
frequency on tihose undeiground portions of the plant within 4 inches 
of the surface of the soil. 

Infection was repeatedly observed to have taken place through 
injuries caused by root-feeding arthropods. 

The disease developed more extensively on plants grown on the 
higher well-drained sandy loam (table 12) than on plants grown on the 
reclaimed silt loam of the marsh. At the time of harvesting, the 
disease seemed from general observation to be more severe on the 
plants grown in the sandy loam. That the disease did develop more 
extensively on the plants in these plots is apparent from the compara¬ 
tive record (table 12), from which it is shown that: 

The number of first-year plants diseased was 57 to 67 percent, 
respectively, for the sandy-loam plots and 17 for the silt-loam plot; 
the average nurnber of infections per diseased first-year plant was 2.2 
and 5.4, respectively, for the sandy-loam plots, and 1.4 for the silt- 
loam plot; the average number of infections per diseased 2-yoar plant 
was 8.1 and 8.8, respectively, for the sandy-loam plots and 6 3 for the 
silt-loam plot; toward the end of the second season the rate at which 
infection was occurring in the sandy-loam plots was about three times 
that in the silt-loam plot. This rate is a function of the number of 
0.5 to 2.0 mm galls found on the plants at any observation. 

SUMMARY 

Crown-gall bacteiia are given off continuously from the surface of 
living crown galls under suitable moistuie conditions 

Crown-gall bacteria were found to oyei winter in the eoil of fallow 
fields at Madison, Wis., and to exist in a pathogenic state for 14 
montlis in unsterilized soil held free from the growth of ‘ced plants 
under nursery storage conditions 

Crown gall is carried from the nursery to new areas as incipient 
undeveloped infections on the raspbeny that cannot be detected by 
insjMction. 

Crown-gall infection was found to occur at a practically uniform 
rate tliroughout the course of the git)wmg season on red raspberry 
plants grown in inoculated soil. 

Crown-gall infection occursmn the raspberry only tlirough injuries 
No infection was found on plants which were exposed to inoculum 
but the underground parts of which were protected from injury. 

Injuries on the underground parts of the red raspbeny remain 
subject to crown-gall infection for a relatively long period * A large 
percentage of the injuries studied became mfected when inoculum 
was applied to their surfaces 3 weeks after the injury was made. 
A small percentage of those studied became infected when inoculum 
was apphed to them 7 weeks after the injury was made. 

The incubation period of crown-gall infection on the underground 
parts of the red raspbeiry was found to vary from 11 to more than 28 
days as a result of environmental conditions, chiefly seasonal. 

In these investigations root-feeding arthropods caused most of the 
injuries through which crown-gall bacteria entered. The injuries 
found on the underground parts of the plants probably were caused 
by V number of species of arthropods. White grubs caused most of 
' the inj,ijries through which infection occurred in 1930. 
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CHROMOSOMES IN HYBRIDS BETWEEN EUCHLAENA 
PERENNIS AND ZEA MAYS' 


By A. Longlby 2 

AtiHociaie botanist^ Division of Genetics and Biophysics^ Bureau of Plant Industrijf 
United States Department of Agriculture 

INTRODUCTION 

Hybrids between maize {Zea mays L.) and perennial teosinte 
{Ewhlaena perennis Hitchc.) offer a favorable opportunity to follow 
the behavior of tripli(‘ate sets of chromosomes in a triploid hybrid. 
Maize, the diploid parent, has been carefully analyzed both j^eneti- 
cally and cytologieallv. Perennial teosinte seems to be unquestion¬ 
ably a true tetraploid. Its tetraploid character is evident from (1) 
the prevalence of tetravalent chromosomes at diakinesis observed by 
Randolph and by the writer; (2) the X-ray experiments of Randolph 
(/7),^ who obtained from the 20-chromosome annual Kvchlaena a 40- 
chromosome perennial plant very like E. perennis; and (3) genetic 
studies which show that Fj teosinte-rnaize hybrids contain three sets 
of homologous chromosomes. Although extensive genetic studies 
were carried on in conjunction with the cytological studies, the present 
paper treats only of the chromosomes as found in F] and later hybrid 
generations. 

The first jilants of perennial teosinte were found in Mexico by 
Hitchcock in 1010 and were introduced into this country by Collins 
U) in 1921. The first hybrid with maize was made early in 1922 by 
C. G. Marshall. The breeding has been done largely at the United 
States San Diego Acclimatization Garden at Torrey Pines, Calif., 
where the more ])romising perennial hybrid forms are maintained in 
])ermanent plantings. Tlie methods of crossing have been similar to 
those used in corn-hybridizing studies, but to bring plants with very 
different flowering dates into flower at the same time, plantings were 
made at different seasons and late-flowering plants were frequently 
given an artificial short day. 

Th(' cytological material, which had l)een collected just before the 
tassel emerged from the leaves, was put in t^arnoy's killing fluid for 
half an hour; this fluid was then poured off and the material was 
(H>vered with absolute alcohol. Material pn^served in this way is 
generally satisfactory for the determination of (‘hromosome numbers 
by the use of the acetocarmine smear method. 

CHROMOSOME BEHAVIOR IN POLLEN MOTHER CELLS 

The hybrids between maize and teosinte that were used in this 
study were Fi, F 2 , back crosses, and more complicated crosses. The 
determination of the chromosome numbers of individual plants was 
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most readily made at the first-division anaphase. Figure 1, A-D, 
shows this phase in an Fi, a back cross, a back cross again back- 
crossed to maiate, and a self of a back cross, respectively. 



FKiURE 1. -First-division anaphases in teosinle-maiz© hybrids: A, 30 chromosomes of an Fj plant: B, 29 
chromosomes of u hack cross; C, 28 chromosomes of a back cross crossed with maize, 1). 35 chromosomes 
of a selfed back cross x 1,900, B~D X 1,200. 


At this phase all bivalent chromosomes have divided and the uni¬ 
valents appear almost identical with the halves of the bivalents, so 
that a count of all chromosomes gives at once the 2n number of the 
plaint under inspection. If the figure happens to be in late anaphase, 
a few df the univalents may be in the region of the plate in the process 
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of division. Even at this stage the character of the dividing nniya- 
lents is such that they are not mistaken for bivalent chromosomes. 

In 1924 the writer {13) reported the number and some of the char¬ 
acteristic features of the chromosomes in the developing pollen mother 
cells of Fi plants of crosses between Euchlaena perennis and Zea mays. 
Since that time additional material has been available, and it has been 
found that with one exception, referred to later, all plants have 30 
chromosomes, the sum of the haploid chromosome numbers of the 
two parents. 

The behavior of the chromosomes in these hybrids during meioses 
of the pollen mother cells has been found to be that already described 
{lS)j except in a few minor details. A closer examination of the dis¬ 
position of the univalent chromosomes, which are usually scattered 
on the spindle at the time the bivalent and trivalent chromosomes 
form the first-division metaphase plate, shows that many of them 
move undivided to the poles with the halves of the divided chromo¬ 
somes. However, one or more of the univalents frequently will be 
found at the plate region when the divided chromosomes are in the 
anaphase, and at late anaphase these univalent chromosomes will 
divide. Except for the occasional undivided univalents or halves of 
univalents that are too far afield, the two daughter nuclei include the 
divided halves of the bivalent chromosomes and varying numbers of 
divided and undivided univalent chromosomes. Those chromosomes 
that fail to be included in the daughter nuclei are left in the cytoplasm 
to form micronuclei or to degenerate. 

The second division is much more regular than the first. Only the 
halves of univalents present cause anv appreciable abnormalities. 
Their j)osition on the rnetaphase spindfe is indefinite and their dis¬ 
tribution is at random to the two poles. 

The chromosome behavior during meiosis of the pollen mother cells 
of later hybrid generations is in most respects similar to that observed 
in El hydrids. The chromosome numbers in F 2 , in back crosses, and 
in others of the more complicated hybrids are likely to vary for each 
individual. The chromosome complement of such plants will be made 
up of chromosomes derived from the two parents. Tfie number from 
either parent is unpredictable, and unfortxinately cytological study 
has not yet developed any method of differentiating the chromosomes 
of maize from those of teosinte. 

Camera-lucida drawings were made as a record of the chromosomes 
of each plant, since the temporary slides could not be preserved for 
any appreciable time. The drawings of first-division anaphases gave 
an opportunity to study the distribution of chromosomes to the two 
daughter nuclei resulting from the first ineiotic division. 

The distribution of the chi’omosomes in an Fi hybrid seems gener¬ 
ally to show that of the 3 sets of 10 chromosomes present 2 sets pair 
regularly and 10 chromosomes go to each pole, w hereas the chromo¬ 
somes of the third set are distributed at random to the two daughter 
nuclei. Figure 2, shows 30 bivalents, 1 pair of loosely associated 
chromosomes, and 8 univalents. In jilants of later hybrid generations, 
however, the number of regularly pairing chromosomes may be more 
than 10, since a plant may have 4 cr more homologous chromosomes 
instead of just 3 as in Fi" hybrids. Figure 2, B and < 7 , shows cells 
having 22 chrornosomes. In B all chromosomes are paired, and in C 
there are 10 pairs and 2 univalents, suggesting that in the form^’’ 
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there are 4 homologous chromosomes present, whereas in the latter 
the 2 unpaired chromosomes are not homologous. 

The genetW data have shown that in Fi plants and in back crosses 
on maize autosyndesis is the rule and allosyndesis the exception, so 
that in Fi hybnds the unpaired chromosomes are from maize, whereas 
in plants from back crosses on maize the unpaired chromosomes are 
from teosinte. 

Table 1 gives a comparison between the numbers of chromosomes 
that go to make up the daughter nuclei resulting from the first 
meiotic division of 30-chromosome hybrids and the numbers calcu¬ 
lated when 10 paired chromosomes go at random to join the 10 
divided bivalents at the two poles, i.e., the binomial expansion of 
(a Although the data of this table are made up from drawings 

of plants with different percentages of maize and teosinte chromo¬ 
somes, it indicates that the nximber of chromosomes between 10 and 
20 that enter a gamete depends upon chance. The binomial ex¬ 
pansion does not represent the chance distribution of extra chrorno- 



FKirRK 2 - First-division luetaphase of ieosinte-maize hybrids A, 11 bivalent and 8 univalent chrornosonies 
of an Fi plant, B, 11 bivalent chrornosome.s of a later hybrid ireneration, C, H) bivalent and 2 univalent 
ohroinosoines from a sister plant of B -4 X 1,800; B and C X 1,200 


sornes in any generation following Fi, for then the number of pairs 
is not limited to 10. For example, in a plant with 30 chromosomes 
it is possible to have 15 paired and no uhpaired chromosomes, and in 
such a plant the distribution of the chromosomes at the first meiotic 
division invariably will be 15 chromosomes to each daughter cell. 
To calculate an expected chance distribution of chromosomes in 30- 
chromosome plants of perjugate generations it is nec^essaiy first to 
calculate the expected chance distribution of additional pairs and 
then apply a binomial distribution to the remaining unpaired chromo¬ 
somes. Distributions have been calculated for plants with 22, 23, and 
24 to 40 (^hromosoijnes, based on random distribution of the extra 
chromosomes from an unlimited number of sets of 10 chromosomes. 
The observed distributions of chromosomes in many of the plants 
with a few extra chromosomes are sufficiently close to the calculated 
distributions to verify the assumption that in later generations the 
distribution approaches this modified distribution more nearly than 
it does the simple binomial expansion of the number of chrornosonies 
abost^e 20 present in an individual. However, agreement with such 
a modified distribution of extra chromosomes does not conflict with 
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the statement that univalent chromosomes are distnbuted at ran¬ 
dom, but is simply a more exact method of estimating the number of 
unpaired chromosomes. 

Table 1. —Distribution of chromosomes to the 2 daughter nuclei resulting from the 
first meiotic division of SO-chromosome hybrids 


Nurnbor of i*ells with indicated chromosome 
distribution 


Observed 

15-15 

17 

n»-i4 1 17 n 

1 i 

30 1 14 

18-12 

9 

19-11 

r> 

20-10 

0 

f^ttlculftted 

IH 4 

10 8 j 17 6 i 

b b 1 

\ 1 6 

00-f 


The data presented in table I, supported by similar data from 
drawings of chromosome-, of hybrids having chromosome numbers 



> 1 (^ 1111 , { tirst division anaphises of tcosinte-nmize hvbnds with aberrunt (hroinosoine numbers 4, 
40 chromosomes from an Fj plant, W, U ihromosomes from a plant of a tiropenv twice baik-irossed on 
maire, C , % (hromosoines from an F 2 plant X 1200 


other than 30, indicate that there is ^ random distiibution of all 
unpaired chromosomes and that gan eles aie produced with all 
chromosome numbers in approximately the predicted numbers in 
eacii group, the number of chromosome groups depending upon the 
number of uni\alent chronu'somes jiresent to be distributed at 
random. 

ABERRANT HYBRID PLANTS 

In a progeny of 7 Fi hybrids grown in 1932, it was noticed that 1 
plant was markedly dilTerent from the iS bister plants or from any of 
the pieviously grown Fi hybrids The ears weie generally 4-rowed, 
the pollen showed veiy^ little sterility, and abundant speeds were ])ro- 
duced after either cross-pollination or bcifing This ])lant w’as 
found to haAC 40 chromoso^nes (lig. 3, -ri). The fact that it seemed 
more cornlike than other Fi plants suggested that thib increai-e of 
10 chromgsomes above that of normal Fi plants was due to the 
presence of two sets of com chromosomes Perhaps the most logical 

38603 34—- i 
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assumption to account for the double number of chromosomes is 
that doubling took place soon after fertilization; but other possi¬ 
bilities, such as double fertilization, make it xmwise to speculate. 

Emerson and Beadle (6) have described a similar aberrant Fi plant, 
and the present plant agrees very closely with their description. Such 
plants, as they suggest, may offer possibilities for genetic and cyto- 
logical studies. 

A small Fs population from the aberrant plant was grown. The 
plants were very uniform in appearance, and chromosome counts 
showed that all of them had 40 or approximately 40 chromosomes. 

A second aberrant plant appeared in a progeny twice back-crossed 
with maize. Sister plants of this progeny were found to have chromo¬ 
some numbers ranging from 20 to 28, whereas this plant had 42 
chromosomes (fig. 3, B). Such a high number suggests a doubling 
of all chromosomes after fertilization. Although all the experi¬ 
mental plants resulted from guarded pollination, outcrossing might 
explain the high number of chromosomes; buti such an explanation is 
unlikely, since the plant had 14 more chromosomes than were found 
in the sister plant having the next liighest number. To produce a 
plant with 42 chromosomes would require a functioning pollen grain 
with 24 or more chromosomes, a number exceptionally high for the 
pollen of any hybrid that has yet been grown. The j)resence of the 
iDX gene further reduced the probability that the plant resulled 
from outcrossing, since no plants were being grown that could pro¬ 
duce pollen grains having high numbere of chromosomes and the 
wr gene. 

Two plants, one with 56 chromosomes (fig. 3, O), from the F 2 
progenies of teosinte and maize, have had high chromosome num¬ 
bers that suggested a doubling of the chromosomes contributed by 
either parent or by tboth. The occurrence of these plants with 
high chromosome numbers is in keeping with the finding of similar 
abnormal hybrid plants by investigators of other plant groups. 

CHROMOSOME MORPHOLOGY 

The investigations of McClintock*(M) and Beadle (1) have stimu¬ 
lated an attempt to search the midprophase of some of the hybrid 
plants, since in many forms there are three allelomorphic chromo¬ 
somes and often it would be Ve^ useful if such chromosomes could 
be identified. A few plants having only 21 chromosomes are known 
to be trisomic for chromosome no. 9, the chromosome that carries 
the wx gene, and it seemed that such plants would be useful for a 
preliminary study. This study, however, has proved disappointing, 
partly because of the lack of any definite moiphological knowledge 
of the chromosome complement of EucUaena perennis. It has not 
been difficult to identify chromosome no. 5 (of Zea) by its character¬ 
istic attachment to the nucleolus. A short chromosome with a ter¬ 
minal knob on the short arm was quite frequently lying where it 
could be traced and drawn. This chromosome resembles McClin- 
tock’s drawings of chromosome no. 9, but Beadle (!) has shown that 
terminal knobs are prevalent on the chromosomes of Florida teosinte. 
It seems unsafe, therefore, to ascribe a definite identification to such 
a chromosome in these hybrid plants. 
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*A disc3i?ve ’ting observation of the threads of midprophases was the 
absence of univalent threads in plants known to have one or often 
several univalent chroinoson:es. Beadle {1) bas referred to a sin ilai 
absence of univalent threads in hybrids cf Plciida teosinte rnd maize. 
A fimther study of what seems to be very suitable material is being 
made in an attempt to definitely trace the behavior of the univalent 
chromosomes in early prophase stages. 

CHROMOSOME SELECTION IN GAMETES 

The study of the chromosome numbers prevalent in the function¬ 
ing pollen and ovules of my particular teosinte-maize hybrid is most 
readily determined by making reciprocal crosses on maize in which 
the gametes are known to have 10 chromosomes. By subtracting 10 
chromosomes from the chromosom.e numbers of the plants of the back- 
crossed progeny, the chromosom.e number of the gametes of the hybrid 
parent is obtained. The data of tables 2, 3, end 4 summarize the 
observed chromosome numbers of the plants of these and other more 
complicated progenies. 

The data of table 2 give the chromosome counts of 26 back-(*rossed 
plants in which the Fi was the female parent, of 102 in which the Fi 
was the male parent, and of 140 F 2 plants. 

The mean chromosome number of the 26 plants used to determine 
the chromosome number of the functioning ovules of Fi plants is 25.3. 
If 10 is subtracted, the mean number for functioning ovules becomes 
15.3, which is just slightly above the expected mean for a 30-ehromo- 
some plant. The distribution of these plants among chromosome 
groups is approximately random. 

The mean chromosome number of the 102 plants used to determine 
the chromosome number of the functioning pollen of Fj plants is 29.S. 
If 10 is subtracted, the mean number for functioning pollen becomes 
19.7, a number far above the expected mean. The distribution is also 
very limited, with a range of but 4 chromosomes. 

Three plants produced by using Fi pollen on Kuchlaeua peremiix 
have a mean chromosome number of 39.66, thus showing that the 
gametes of the Fj that functioned in their production had 19.66 chro¬ 
mosomes, a number that agrees very closely with 19.8 obtained from 
the larger population. 

It is apparent that the chromosome number of the functioning 
ovules is in agreement with the chromosome numbers observed going 
to form the daughter nuclei at the first meiotic divisions. In the 
pollen, however, there is a marked discrepancy betw^een the observed 
chromosome distribution at the time the pollen is formed and the 
chromosome numbers found in functioning pollen. The mean chro¬ 
mosome number, 19.8, shows clearly that there is a tendency for func¬ 
tioning pollen to be^restricted to gametes with 20 chromosomes. 

In the F 2 progeny the chromosome number ranges from 25 to 42, 
with a mean number of about 36. This is approximately the mean 
number expected from combining the mean numbers for functioning 
ovules and pollen. The distribution approaches that expected from 
combining the distribution of the ovules and pollen. Three plants, 
however, with the chromosome numbers 25, 26, and 27, respectively, 
seem to be sufficiently segregated from the major group to suggest 
that these three plants were produced from pollen with approximately 
10 insiJtjBad of 20 chromosomes. 
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. Table 3 presents the data from back-crossed plants that have been 
back-crossed again onto maize or selfed. The hybrid parents given 
in this table iiave 30 chi-omosomes, and so do not differ in chromosome 
number from the Fi plants given in table 2. The chromosome comple¬ 
ment has been appreciably changed, however, for instead of the 30 
chromosomes being 20 teosinte and 10 maize, as is found in Fi plants, 
there will be approximately 10 teosinte ana 20 maize chromosomes 
if autosyndesis has been general. 

The mean chromosome number of the functioning ovules of these 
back-crossed plants (having two sets of maize chromosomes in their 
chromosome complement), as measured by the chromosome number 
in plants from back crosses crossed with maize, is 13.44. This mean 
number is appreciably less than that found for the functioning ovules 
of Fi plants and suggests that there is a tendency in this group of 
hybrids with a predominance of maize chromosomes to develop those 
ovules with chromosome numbers appro.ximating the hai)l()id 
chromosome number of maize. 

The mean chromosome number of the fimcthmiiig pollen of 30- 
chromosome back-crossed plants is 17.87. This number is also 
appreciably less than that found for F, plants. The more striking 
difference, however, is the bimodal distribution shown by these 47 
plants, a aistiibution that was absent in the 102 plants used to measure 
the chronic some number of Fi pollen, although suggested in the dis¬ 
cussion of the slight bimodal tendency observed in the chromosome 
number of F 2 plants. The grouping of the chromosome numbers with 
one mode at 20.25 and another at 29.2 seems to demonstrate that 
functioning pollen tends to approach very closely the haploid chromo¬ 
some numbers of maize or teosinte. 

The mean chromosome number of selfed 30-chromosome ba(*k- 
cressed plants is 32.^4 which is a little above the sum of the means 
of the chromosome numbers of the functioning ovules and pollen of 
back-crossed plants. The difference, however, is not significant, and 
the distribution of the plants among the various chrorncsome classes, 
although too c( mplicated for a comidete analysis, suggests two 
modes—one a little below 25 and the other a little below 35. 

Table 4 is made up of additional data for various hybrids. It is 
apparent that in those progenies in which the female ancestor is the 
hybrid parent and the male< is maize the chromosome numbers of 
functioning ovules of the female ancestor tend to approach the basic 
number, 10; but this tendency, although apparent, is sufficiently 
flexible to allow ovules with any chromosome number between 10 and 
20 to function. Some additional data are presented to show the 
chromosome numbers of pollen of several complicated hybrids. The 
male ancestors of these progenies, largely maize in their composition, 
are found to have, in functioning pollen, chromosome numbers ap¬ 
proximating the basic number, 10. 

In no plant used to show the chromosome numbers of functioning 
pollen has a gamete been found having 23, 24, or 25 chromosomes— 
numbers that in many progenies would be expected to predominate. 
This is a clear indication that the chromospme numbers in functioning 
pollen are modifications of the numbers that are prevalent in the 
gametes at the time of their formation. Such modifications ap{)ar- 
enlly result from a differential death rate during development or from 
a differential growth rate down the pollen tubes, or from both. 
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The data presented in table 4 to show the chromosome numbers 
prevalent in selfed progenies do not seem to merit extensive analysis, 
but they do hidicate a bimodal tendency that must be due in large 
measure to the differential functioning of pollen having the basic 
chromosome numbers of either the maize or the teosinte parents. 

DISCUSSION 

The foregoing data indicate that in hybrids between Euchlaena 
perennis and Zea mays pollen effective in fertilization has a chromo¬ 
some number approaching the chromosome number of the pollen of 
either of the ancestral forms, i.e., 10 or 20. In Fi plants, as measured 
in back crosses, there is a very marked tendency for pollen with 20 
chromosomes to effect fertilization. However, three F 2 plants with 
low chromosome numbers suggest that pollen with about 10 chromo¬ 
somes has occasionally functioned. 

That pollen grains with 10 chromosomes do, in fact, occasionally 
function is substantiated by the chromosome counts made in back 
crosses of various hybrids on corn. The functioning pollen from most 
back crosses on com has approximately 20 chromosomes, but one prog¬ 
eny included in the data showed that pollen effective in fertilization 
approached the two extremes, 10 and 20, in about equal numbers. The 
pollen from the more cornlike hybrids derived from crossing a back 
cross onto corn had invariably 10 or approximately 10 chromosomes. 

All studies made of many different types of hybrids between 
teosinte and maize have shown a complete absence of pollen with 13, 
14, and 15 chromosomes. The high percentage of empty pollen 
grains characteristic of the Fi plants indicates that there has been an 
elimination of pollen through death early in its development. In 
other hybrids, however, there is conclusive proof that after pollination 
there is a differential (ieath or growth rate which eliminates pollen 
other than that having approximately 10 and 20 chromosomes. This 
is shown by contrasting the percentage of waxy pollen in mature pollen 
and the percentage of waxy seeds obtained wlien this pollen is used to 
pollinate homozygous waxy plants. 

The data accumulated to aeterminie the number of chromosomes in 
functioning ovules tend to show that ovules arc distributed at random 
among the various classes. The mean chromosome number observed 
is frequently not a significant departure from the calculated xnean. 
There are, however, in some of the more cornlike progenies significant' 
departures that show a tendency for the selection of gametes with low 
chromosome numbers. It seems, therefore, that in the ovules there 
is a slight tendency to favor the survival of the parental chromosome 
numbers, but the data are too meager to show a bimodal distribution 
even if it was present. It is evident, however, that the differential 
survival of gametes possessing parental numbers is much less marked 
in the ovules than in the pollen. 

The effect of the pronounced tendency for euploid gametes to be 
more virile—a tendency very pronounced in the pollen and suggested 
in the ovules of teosinte-maize hybrids—-is to produce many plants 
with 20 and 40 chromosomes. 

The chromosome complement, however, in these 20- or 40-chro- 
moaome plants is profoundly affected by the prevalence., of auto¬ 
syndesis. A hybrid with 2 sets of teosinte chromosomes will produce 
with 1 set of teosinte chromosomes irrespective of the number 
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of maize chromosomes present, or if the 2 sets of chromosomes (ire 
from maize there will be 1 set of maize chromosomes in all gametes 
formed. vSuch a chromosome distribution leads to the presence of 
2 sets of teosinte chromosomes in all F '2 plants and 2 sets of maize 
chromosomes in all plants of selfed progenies from back crosses on 
maize. 

The number of maize chromosomes in F '2 progenies and in back 
crosses on maize and the number of teosinte chromosomes in selfed 
progenies of these back crosses depend upon the absence of complete 
autosyndesis and upon the utilization of gametes with aneuploid or 
with the diploid chromosome numbers. 

Cytologists have frequently reported that in hybrids between 
parents differing in chromosome number there occurs a differential 
survival of gametes bearing the parental number of chromosomes. 

Tackholm {21)y in his study of polyploid roses, showed that in the 
canina roses there is a marked tendency to mature pollen with a 
chromosome number near the basic number, 7. He has shown, on 
the other hand, that this class of rovses makes ovules with only 7 
chromosomes less than the somatic number of the plant under in¬ 
vestigation. Blackburn and Harrison {2) have shown that in a 
pentaploid rose the functioning pollen has 7 chromosomes and that 
the egg cells have 28. 

The elimination of all pollen except that with 7 chromosomes is 
in harmony with the sele<‘tion found in many progenies of Euchlaena- 
Zea hybrids in which only those pollen grains functioned that had 
the basic chromosome number 10 or approximately 10. 

The studies of the distribution of chromosomes in wheat hybrids 
and the number of chromosomes in functioning gametes is touched 
upon by Sax (18), In a later paper (19) he goes more fully into the 
chromosome number of functioning gametes of a 35-chromosoine 
hybrid and finds that both male and female gametes have 14 chro¬ 
mosomes more frequently than would be expected on the assumption 
of a random distribution of 7 single chromosomes. Thompson (22)y 
and more recently Thompson and Cameron (23)y find that in a similar 
wheat cross there is an elimination of gametes with chromosome 
numbers between the two inodes 14 and 21, which is more pronounced 
in the pollen but significant in the ovules. Watkins (24) nnds that in 
a pentaploid wheat hybrid the ovules are generally fertile, whereas in 
the pollen grains there is a high degree of sterility. He finds further 
that pollen grains possessing either 14 or 21 chromosomes are more 
likely to function than those having other numbers of chromosomes. 

The random distribution of unjiaired chromosomes of wheat 
hybrids at the time the gametes are formed and the later elimination 
of gainetes with chromosome numbers between the two extremes, as 
described by the foregoing investigators, are very similar to the con¬ 
ditions found in this study of Euchlaena-Zea hybrids. In these 
hybrids gametes with all cliromosome numbers between the two 
modes are formed, but in the pollen and to a lesser degree in the ovules 
tnere is a marked tendency to eliminate all but the low and the high 
chromosome numbers. 

The studies bv Goodspeed, Clausen, and Chipman (10) and by 
Goodspeed and Clausen (9) of Nicotiana hybrids show in some cases 
that a triploid distributes its 12 univalent chromosomes at random in 
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the first division and that there is a random survival of pollen in the 
different chromosome classes at the time of fertilization. 

Karpechenko {12) has found that viable gametes of Fi hybrids of 
RaphanusXBrassica (2?i=^18 chromosomes), usually have 18 chromo¬ 
somes—9 Raphamis and 9 Brassica. The pollen of Fi Euchlaena-^Zea 
hybrids is similar in constitution to that described by Karpechenko, 
since in both cases there is reason to believe that the cliromosome 
complement of most of the functioning pollen is made up of one set 
from each of the parents. 

Blakeslee and Farnham (3) found that daturas having 2n 4 1 
chromosomes produce ovules with n, 72 4*1, and n4-2 chromosomes, 
whereas practically no pollen that functions carries extra cliromo- 
somes. McClintock (15) has shown that in Zea plants which have 
extra chromosomes there is a decided selection against extra clirorno- 
somes in the male gametes and a less obvious selection against eggs 
carrying extra chromosomes. 

It is apparent that selection of gametes with chromosome numbers 
approaching the basic number or a multiple of the basic number 
present in the hybrid’s ancestors has occurred in widely separated 
groups of plants. In some cases the gametes have borne the hap¬ 
loid number of chromosomes and in others the diploid number. In 
most cases it seems that the gametes formed represent all chromo¬ 
some numbers between the two extremes and that the selection takes 
place either by differential viability or by differential growth rate. 
One case, namely, that of the roses, has been described where the 
fonnation of ovules is irregular and the eggs lack only 7 chromosomes 
of the somatic cliromosome number characteristic of the hybrid. 

Wliere the chromosome complement of a plant is made up of 
chromosomes in addition to the two homologous sets, the tendency 
of the functioning gametes to have the basic chromosome number or 
a multiple of this number must lead to the production of plants with 
chromosome numbers in multiples of the basic number and to the 
absence of plants with aneuploid chromosome numbers. 

Indirect demonstration of the selection of gametes is seen in the 
chromosome numbers of a plant group such as Rubus (8) or other 
similar groups which are found to have chromosome numbers only 
in multiples of the basic number and in which hybridization fre¬ 
quently occurs between fonngi with different chromosome numbers. 
The lack of aneuploid forms in such groups seems to be the result 
of gametic selection favoring the parental numbers. 

If triploid hybrids utilized only euploid gametes, three groups of 
plants, namely, diploid, triploid, and tetraploid, would be found in 
the ofl\spring. 

The tetraploid plants represent a fairly stable group distinct from 
either parent and contain two sets of chromosomes of the two parents 
if autosyndesis has been the rule. Darlington (5) has stressed the 
value of such hybrids in productive plant breeding. It is true that 
in tetraploids there is a proportionate increase in genes with an 
increase in chromosomes, but a ciypt hybrid may breed true for 
many generations with only rare indications of its hybrid nature. 
If autosyndesis prevails, a tetraploid may defy our best efforts to 
segregate and stabilize hidden genetic characters. 

Gigantism has frequently been associated with marked increase in 
chiomosome numbers, and consequently tetraploids should be desir- 
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able in cases where gigantism is a desired factor. Tetraploid pe{-en- 
nial teosinte, however, is no larger than the diploid annual form. 

Gregory {11) and Sinot6 {20) have demonstrated that gigantism 
occurs in forms having few chromosomes as well as in forms having 
many. Frost (7) and Longley {14) have found that tetraploid citrus 
plants are dwarfs as compared with their diploid relatives. 

It seems to have been rather generally accepted that in isolating 
improved strains from polyjdoid hybrids the progenies with a large 
number of chromosomes provide the most desirable material. The 
idea may have originated from the cases of gigantism associated with 
a doubling of the chromosome number or from the fact that improved 
varieties tend to have a higher chromosome number than unimproved 
or wild stocks. 

It has been pointed out that only a small percentage of tetraploid 
forms exhibit gigantism. The two tetraploids produced in the pres¬ 
ent study showed no increased vigor. The increased number of 
chromosomes in improved varieties may be accounted for in another 
way. Chromosome number is a character which was not considered 
in the breeding of existing varieties but which has been observed 
since the varieties were developed. If favorable variations occurred 
in the same ratio in diploid and tetraploid derivatives but if tetra¬ 
ploid derivatives were more numerous, high chromosome numbers 
would predominate in the varieties finally produced. In the de¬ 
scendants of the maize-perennial teosinte hybrids the mean chromo¬ 
some number is well above the mean of the parents, but no correlation 
between chromosome number and ^igor could be detected. 

The final question to consider is that of the bearing of chromosome 
number on the recombination of parental characters and the ease 
with which desired combinations can be stabilized. 

In triploid hybrids where only euploid gametes function, the iso¬ 
lation and stabilization of a new combination of genes is possible 
only when allosyndesis occurs in the pairing of the homologous 
chromosomes. If autosyndesis always occurs, the tetraploid segre¬ 
gates will combine the parental characters in heterozygous forms and 
these forms will reproduce themselves as long as autosyndesis con¬ 
tinues to prevail, but no new homozygous combination of genes is 
possible. Wlien allosyndesis occui’s, three groups of segregates, 
namely, diploid, triploid, and tctrapk)id, arc obtained, all of which 
combine the ancestral characters, and from any form containing the 
desired combination homozygous plants can eventually be isolated. 

Because of the formation of both haploid and diploid mimetes, the 
triploid segregates are too comi)lex to be discussed here, but the rela¬ 
tive advantage of high and low chromosome numbers may be esti¬ 
mated from diploid and tetraploid derivatives. Assuming that the 
triploid hybrid is heterozygous for two simple characters located in 
different chromosomes and that is is desired to fix a nonpareiltal* 
combination of the characters, it follows that: 

(1) In the haploid gametes the four possible combinations of 
dominants and recessives will be represented in equal nuriibei’s, and 
in selfed F 2 individuals 1 gut of 16 will be homozygous for any desired 
combination. 

* (2) In the diploid gametes there will also be four classes, but none of 
them will be pure for nonparental combinations. Three quarters or 
nine sixteenths of the selfed F 2 individuals will carry the desired com- 
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biaation but they will not be homozygous; it will therefore be necessary 
to grow a third or even a fourth generation before the combination 
can be obtained in a homozygous form. 

Consequently it is apparent that a diploid segregate supplies all 
the parental combinations that may be found in a tetraploid segregate 
and offers a distinct advantage when an attempt is made to isolate 
and stabilize any particular combination. 

The behavior of Fi teosinte-maize hybrids has shown that it is 
possible to obtain from a tetraploid form a diploid form having a 
chromosome complement made uj) of 2 of the 4 sets of the tetraploid. 
From selfing back crosses on maize, plants may be obtained having 
chromosome complements made up entirely from the chromosomes 
of the diploid parent. 

These findings suggest the possibility that diploid maize may have 
originated from a hybrid between tetraploid perennial teosinte and 
some unknown diploid relative. It is much simjder, however, to 
assume that this hybridization occurred between two diploid forms 
whose blended charactei*s produced the ancestor to maize, and that 
Kuchlaenu perennis perhaps does not re})resont a remnant, of a once- 
prevalent form but rather a recent tetraploid form of the widely 
distributed annual teosinte. 

In the foregoing general discussion of gameti(‘ selection in hybrids 
whose ancestors differed in chromosome number, as well as in ihc> 
particular discussion of gametic selection in Euchlaena-Zea hybrids, 
the point is emphasized that the selective survival of gametes will 
profoundly affect the nature of the forms re(‘overed in later generations. 
The illustrations are not perfect examples of the survival of gametes 
possessing the basic chromosome number (or multiples of this num¬ 
ber) of the form involved. If this tendency were perfect (and it does 
not seem unreasonable to assume that in many cases it is) its effect 
on future offspring would be apparent. It seems probable that in 
nature this differential survival has produced as many recombinations 
with low as with high chromosome numbers. In this connection the 
occasional appearance of tetraploids must be cardinal, forming part 
of an evolutionary process that tends to keep the chromosome number 
in plant groups of recent origin no ^higher than those found in the 
older groups. 

SUMMARY 

The meiotic behavior of the chromosomes in various teosinte-maize 
hybrids indicates that homologous chromosomes usually pair and that 
the unpaired univalent chromosomes are distributed at random to 
the daughter nuclei. The division of these univalent chromosomes 
occurs in either the first or the second division. 

The regular distribution of all paired chromosomes and the random 
distribution of all unpaired chromosomes result in gamet/cs with 
various chromosome ^numbers ranging from the number of pairs to 
the number of pairs plus the number of unpaired chromosomes. 

The chromosome number of functioning pollen of the various 
teosinte-maize hybrids is found to approxipiate either 10 or 20, the 
haploid chrornovsome numbers of the two parents, while the chromo¬ 
some number of functioning ovules shows only a slight tendency 
towas-d the euploid numbers, 10 and 20. 
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An increased viability of euploid gametes seems to be general in 
hybrids similar to the teosinte-maize hybrids here described, and 
the survival of gametes with these chromosome numbers profoundly 
affects the character of the progeny of hybrids. 

It is suggested that the diploid derivatives of hybrids offer favorable 
experimental material. If allosyndesis has occurred, even the gametes 
with the haploid chromsome number of the diploid parent will contain 
chromosomes and conse(|uently characters from both parents. A 
diploid derivative will, therefore, combine the ancestral characters 
of the parents in a plant that seems just as promising for breeding 
material as those forms with twice as many chromosomes. 

The utilization of euploid gametes from tetraploid hybrids restricts 
the plants of their progenies to three chromosome groups; namely, 
diploid, tripknd, and tetraploid. The prevalence of diploid forms 
combining the characters of the ancestors suggests that gametic 
selection has led to the production of new and eventually stable forms 
without increasing the chromosome number above that of the diploid 
parent. 
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A BACTERIAL DISEASE OF HEDERA HELIX 


By R-icuari) P. White, research specialist^ dtseases of ornamentals. Department of 
Plant Pathology, New Jersey Agncidtural Experiment Station, and Ltk’TA 
McCulloch, associate pathologist. Division of Fruit and Vegetable Props and 
Diseases, Bureau of Plant Industry, United Stales Department of Agriculture 

INTRODUCTION 

In the spring of 1980 a shipment of English ivy, Iledera helijc L., 
was received in New Jersey fiom Maryland, heavily infected with a 
bacterial leaf-spot disease. These plants were grown outdoors during 
the summer, and infections failed to appear on the new growth. 
Several thousarid cuttings were taken from them. In the fall, when 
these rooted cuttings were potted and grown under greenhouse con¬ 
ditions, the disease reappeared in epidemi(‘ form, killing many plants 
and rendering the remainder worthless. Since a bacterial leaf-spot 
disease of tliis host had not previously been mentioned as occurring 
in the United States, and since under certain conditions it causes 
serious losses, investigations of its cause and nature were under¬ 
taken. The results are reported in this paper. 

LITERATURE REVIEW 

Lindau (J)"' in 1894 described a bacterial leaf-spot and stem-canker 
disease of Knglish ivy in Clermany. From his description and illus¬ 
trations there is no doubt as to the identity of our material and his. 
No inoculation tests were attempted by Lindau. In his cytological 
work he failed to find evidence of stomata! infection and concluded 
that infection took place through the natural wounds on the stem 
caused by the sloughing off of the pubescence normally present on the 
tips of young growing stems. Rapidly growing plants were noted as 
being more susceptible tiian slower growing plants. 

Arnaud (/) in 1920 redescribed the disease from France, giving the 
name Bacterium hedeme to the organism he isolated. Although lie 
failed to describe the organism or to report any inoculation trials to 
prove its pathogenicity, his description of the symptoms again leaves 
little doubt as to the identity of the disease. 

Killian (5) in 1921 reported successful inoculations with Bacterium 
hederae Arnaud, thus proving the partiogenicity of the associated 
organism. He also described gross characteristics of the organism on 
several media. The incubation period was determined as from 1 to 3 
weeks, depending on the temperature and humidity. He failed to 
obtain infection on old plant parts, even where wounded. 

The first mention of this disease in the United States was made by 
Wliite ® in December 1930, followed by rather complete descriptions 
in August 1931 (8)* 

» Het^ived for publiofttion Dec 1,1933, issued July 1934 Cooi>erative investigations lietween the New 
Jersey Agricultural Exj-ierimeiit Station and the Divusion of Fruit and Vegetable Crops and Disease-?, 
Bureau of Plant Industry, U.S. Department of Agriculture. Journal Series paper of the New Jer.se> 
Agricultural Experiment Station, Department of Plant Pathology 

4 Reference is made by number (italic) to Literature Cited, p 815. 

3 White, R P. bacterial leaf spot of hedera helix. N.J Agr. K\pt Sta , Nursery Disease Notes 

3 (6). 4, 1930. (Mimeographed] • 

4 -DISEASES OF HEDERA HELIX N.J Agr. Expt Sta,, Nurscry Disease Notes 4 (1); 1-4 1931. 
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Burkholder and Guterman {2) have recently described the same 
trouble on plants shipped from Georgia to New York and have 
reported synergism as existing between Bacterium hederae and an 
associated organism also isolated from diseased areas. 

ECONOMIC IMPORTANCE 

The ivy disease described here has been reported from two commer¬ 
cial nurseries in New York {2) and New Jersey, respectively, into 
which it was imported on plants purchased from growers located in 
Georgia and Maryland. In 1933 it was found on outdoor-grown ivy 
in Virginia and in the District of Columbia. Its geographic distribu- 
tion and importance in the Southern States has not been investigated. 
Burkholder and Guterman (2) give no data on its seriousness in New 
York. 

In New Jersey it immediately became a serious pest in the one large 
commercial greenhouse into which it was introduced in 1930. Cuttings 
taken from the stock plants were seriously infected. Over 40,000 were 
either killed outright or so severely infected that tliey were discarded 
as useless. Infections on plants trained into pyramids rendered them 
unsalable. Under greenhouse conditions where ivy is syringt'd period¬ 
ically the spread of the disease is rapid, owing to the dissemination of 
the bacteria from infected leaf areas and stem (‘ankers by th(‘ water. 
Introduced on Iledera helixy this disease has sjwad to several of its 
horticultural varieties being grown by this same concern and has 
persisted and caused injury and losses in spite of all efforts to che(‘.k it. 

SYMPTOMS 

ON LEAVES 

Rec'cnt infections on young leavers become evident in from 5 to 12 
days as small translucent, roughly circular spots (pi. 1, B). In the 
earliest stages these spots are very diflicult to see except by transmit ted 
light. As the spots (Uilarge, the center becomes brown to brownish 
black, dries out, and frequently cracks (pis. 1, ^l, and 2, .1). Ihider 
conditions of high humidity an orange-red bacterial exudate may 
occur on the infected areas. The older spots are usually surrounded 
by a light yellowish-green water-soaked area, but on old foliage this 
may be replaced by a reddish to reddish-brown iiTCgular or scalloped 
region. Infected areas on the leaves are frecpiently secondarily 
infected with either Colletotrichim irkheUum. (Fr.) Duke (nl. 1, D) or 
PhylloHticta hedericola Dur. and Mont. This succession of P. hedericola 
following bacterial infections has previously been reported by Nicolas 
and Aggery (6‘) on Aralia japonica. 

Infection frequently takes place on or very close to a vein. Under 
su(di conditions the spots developing are not circular but are elongated 
in the direction of the vein, indicating possible systematic invasion 
(pi. 1, C). Heavily infected leaves usually turn yellow and fall. 

ON PETIOLES 

Direct infection of petioles is rare. The spots that develop from 
such infections are dark browui to black and enlarge rapidly in both 
diiections and soon girdle the petiole, and the attached leaf wilts 
(pl^ 2, By F). Petioles frequently become infected from heavily 




A, Artifiulal inoculations ohtaiiicd b,> brusIniiK bacterial suspension on leaf with caniers-lmir brush, 
needle-prick inoculations on iounj? leaf aftei Silajs. ('.artificial iiuKulat ions obtained b\ needle 
prTcks In ^eins, 1), leaf with four natural infections with Baitrrunit hederm, one of which has been 
followed by CoJleMrkhum tnchellum, K, colony of Had htdeniv on beef-extract apir, F. leaf on left 
inoculated with Had.hederae, center, double inoculation with Had /ui/rrar and (ullure rf, rii?ht, diluble 
inoculation with hud htdernt- and culture A. ail 4 weeks .after mociilation 
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PLATE 2 



Natural leaf Infei^lioiis; B, natural leaf infections and petiole lesions, V, stem (‘uriker, 1), infection 
at Krowing tip, 1C, bacterial exudate from very young stem canker, F, petiole lesions inoculated by 
bacterial suspensions brushed on indiole with camers-hatr brush. •• 
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infected leaves, however, the bacteria advancing rapidly down the 
petioles to the stern. 

ON STEMS 

Infection on stems takes place naturally either from infected petioles 
"7)f^on the verv young and tender growing tip (pi. 2, Z>). (3n yonng 
tissues a soft cWk-brown to black decay rapidly takes place. Invasion 
is retarded when older tissue is reached, a new growing point is devel¬ 
oped from the next lowest axillary bud, and no further advance is 
made. 

On older tissues of the stem, where infection arises from petioles, 
definite cankers are produced. At first these cankers appear as small 
browm sunken areas. Invasion of tissue is slow. Old cankers are 
flattened and shrunken, usually cracked longitudinally, and sur¬ 
rounded by swollen margins due to callus formation on the part of the 
host (pi. 2, C). Stem cankers on old tissues have never been observed 
entirely girdling the stem; however, they freouently cause a cessation 
or retardation of growth and an abnormal light-green coloration of 
the foliage. Frequently the foliage of plants cariying stem cankers 
develops a reddish-bronze (‘oloration typical of that produced by 
maturity in the fall. An orange-red bacterial exudate frequently 
occurs on these stem cankers (pi. 2, K). 

VARIETAL SUSCEPTIBILITY 

Arnaud (/) noticed that of two ivies under observation, one, 
‘Mierre des Bois^\ was more severely atta(*ked than the other, “Lierre 
d’Ecosse.^’ The disease has been observed occurring naturally on 
Hedera helix and its varieties haltiean, gracilis, IveidOj digitata, and 
Silver Queen. Inoculations upon these varieties as well as upon the 
varieties rnarmorata, alba mriegatay deniaia rariegatay conglorneratOy 
nigra, and coriacea have shown all to be susceptible. 

PATHOGENICITY 

The pathogenicity of the organism constantly associated with these 
disease sympt<nns has been repeated^ proved by inoculations in 
various parts of the host under varied conditions and by various 
methods. Repeated reisolations and reinoculations have been suc¬ 
cessfully made. Pure cultures are easily^obtained by the usual poured- 
plate method. Young leaf tissues (plants kept under bell jars in a 
constantly moist atmosphere) are readily infec'ted by atomizing with 
bacterial suspensions and show positive results in as short a time as 4 
days. The tiny translucent spots appeared in 5 to fi days, and some 
were 7 to 8 min in diameter in 9 days. These lesions were in all 
respe<5ts similar to those found on naturally infected plants. Mature 
leaves or woody stems show symptoms only after longer periods, 
varying from 2"to 3 weeks. Such tissues are rarely infected except 
througn wounds. 

THE PATHOGENE 

The cultures used for thq morphological, cultural, and physiological 
studies were isolated from characteristic leaf lesions. Some of the 
lemons were the result of natural infections; others were the result of 
artificial inoculation wth the bacteria. The pathogenicity of ^the 
several cultures used in these studies was established by successful 

68393-34-♦ 
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infections induced by inoculation of healthy, growing ivy leaves and 
stems. 

MORPHOLOGY 

Bacterium hederae is a short rod wdth rounded ends, rather smader 
than is usual for plant pathogenes. In culture media the rods are 
0.7 to 2.7fi long by 0.3 to 0.6m wide and occur singly or in pairs or 
short chains. In the host tissues they are 0.7 to 2 m long by 0.2 to 
0.4m wide. They are motile by means of one polar flagellum. Cap¬ 
sules are present. No spores have been found. 

STAINING REACTIONS 

The organism is Gram-negative; it is not acid-fast. It stains readily 
with all the commonly used bacteriological stains. The capsules are 
easily demonstrated with Ribbert^s dahlia capsule stain and also with 
Leifsoids (4) stain, a flagella stain which stained the capsules but only 
rarely the flagella of the ivy bacteria which proved to be unusually 
difficult to stain. However, with Casares-GiPs stain it w^as definitely 
determined that there is a single polar flagellum, usually long and often 
quite w avy in the part nearest the rod. 

Carbol-Iiichsin-stained mounts from potato-dextrose agar cultures 

f ^rowm at 34° C. show^ed single rods and chains very poorl}^ and irregu- 
arly stained, Avith diameters varying from 0.3 to O.Om. In beef- 
me^ia cultures the diameter of the bacteria is slightly greater than in 
potato-dextrose agar cultures. 

CULTURAL CHARACTERS* 

Beef-peptone aoar colonies. —On beef-peptone agar (pH 6.8 to 7.0) the 
colonies of Bacterium hederae grow slowly. In 48 hours they are usually visible as 
mere points of growth, and u> 4 to 5 days even well-isolated colonies are only I to 
2 min in diameter. In 10 to 12 days a few colonies are 5 to 7 rum in diameter, but 
the usual size is 2 to 4 mm. White and transfiarent at first, they b(‘come pale 
yellow, Massicot yellow,and translucent. They are circular, smooth, glisten¬ 
ing, slightly elevated, with entire margins fpl. 1, E). The interior has definite 
short concentric lines or crosshatehing, wdiich disappears when the colonies are 
10 to 12 days old. Beef is not a very favorable medium for this organism, and 
the colony characters vary with even slight differences in the media, the acidity, 
the moisture, the temperature, or other factors. In one set of plates the colonies 
had definite white halos. In another set from 3 to 20 points of secondary growth 
appeared within each colony. Sometimes the centers are opaque with translu¬ 
cent crosshatched borders, or they may be granular, mottled, or homogeneous. 
Buried colonies are spherical to lenticular, opaque to translucent. The growth 
IS slightly viscid. Another fact noted is that growth in transfers from beef-media 
cultures is very uncertain. Unless the beef culture is young and rather heavy 
inoculations are made from it, more often than not no growth develops in the 
transfers. 

Beef-peptone aoar slants. —Growth is slow and never becomes even moder¬ 
ately heavy. If the inoculation is from a liquid culture the resulting growth is most 
likely to be in the form of tiny isolated colonies, wdiich eventually may coalesce. 
Inoculation from agar cultures gives a uniform, smooth, glistening streak, prac¬ 
tically colorless except on the lower part of the slant, where the growth is some¬ 
what thicker and pale yellow. Crosshatching or striae are present. The growth 
is slightly viscid or elastic; it does not draw out in a long thread but breaks at 
a length of 4 to 6 mm. 

Beef-extract agar. —Growth is very similar to that in beef-infusion agar, but 
the color is slightly deeper yellow and the growth*is not viscid. 

Be»p-peptone broth.— The bacteria grow slowly in beef broth, even of mpst 
favorable pH value and at favorable temperatures. Thin, rolling clouds, best in 

.jP. , 

e Untoss otherwise staled, all beef media were made with beef infusion and had a pH of 6.8 to 7.0. Cultures 
were gn|wn at about 23® C. 

‘ RmiTOfAY, B COLOR STANDARDS AND COLOR NOMENCLATURE. 43 pp., illus. Washington, D.C. 1912. 
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the upper layers of the liquid, appear in 2 days. (Irowth increases slowly for a 
miniber of days, but the clouding is never more than moderate. Irregular rims 
of pale yellow appear in 5 to 7^ays and often become fairly wide and heavy. If 
cultures are undisturbed a thift pellicle forms. There is a moderate, translucent 
, sedjmen^ which rises in a spiral when shaken. Rims, pellicles, and sediment are 
vtst'id. Clouding persists for 5 to (> months at room temperature. 

Potato-dextrose hboth.- -In this medium, with a pH value of 5.6 to 5.8 the 
liquid clouds very slightly, but the surface growth in tlie form of rim and pellicle 
is heavy. 

Potato-dextrose agar. —This medium with a pH value of 5.6 to 5.8 sf*ems to be 
ideal for the ivy bacterium. In isolation plates the colonies rejacli a diameter of 
10 to 12 mm. In tubes of slanted medium the surface is quickly covered with a 
thick, smooth, glistening layer of homogeneous to indefinitely mottled (under a 
X 6 lens) growth. The growth, practically colorless at first, becomes pale green¬ 
ish yellowy Massic(jt yellow’, or Chartreuse, and later chamois ^ or even darker. 
The texture of the growdli is soft and butyrous. Old cultures sometimes show a 
trace «)f viscidity. The thick, smooth, translucent growth remains practically 
unchanged for w'eeks. The pH of the medium of cultures changes in 3 days from 
5.6 to 6.6. 

Potato cylinders. —On steamed i>otato cylinders growth at first is fairly 
smooth and jiale yellow', but it soon becomes thin, wet, and ycdlowish browui with 
some {)aic yellow at the margin. The potato is moderately browuied. Growth does 
not persist or increase*. A weak diastatic action was indicated by tests with Lugol’s 
iodine s(»lution. 

Beef gelatin.- -In ])lates of beef gelatin with a ])H of 7.3, the colonies were 
barely visible in 2 days at 20* to 23* C. In 5 da\s the gelatin immediately below’ 
the colonit*s was licjiiefied. In 7 da>s the medium of thickly sown plates was 
i‘ntirely licpiefied and the small, spherical, comjiact colonies were floating in the 
unclouded lujuid in tube cultures sliglit liquefaction is evident in 2 days. In 6 to 
7 days there is a 5- to 7-mm stratiform layer of liquid. Further advance is slow’cr, 

5 to 6 weeks being required for li<|uefaction of the entire 10 cc of medium. The 
licjuefied gelatin is almost entirely clear. Irregular rims and thin jiellicles of pale 
\ellow form, and then* is a moderate viscid sediment, deeper yellow’ and more 
opaque than in beef-broth cultures. 

Blood serpm. —On Loeffler’s solidified blood serum, growth was doubtful for 
several days bater the whole slant v\as covered with a smooth layer of mustard- 
yellow growtli. No trace of liquefaction was obs(‘rved until after 4 weeks, when 
t he slanted part became translucent and yellowish, in 7 w’eeks some cultures were 
entirely liipicfied, w hile in others only the slanted ])ortion was liquefied. Cultures 
were now getting dry, and no further change occurred. 

Redxu’Tion of nitrates, — Growth is fairly good in nitrate-beef bouillon, but 
9-day-old cultures with the starch-iodine-sulphuric acid test showed no trace of 
nitrate reductimi. Cultures in a s\ nthotic nitrate medium test(*d w hen 10 days old 
with the a-naphth\lamine sulphanilic-achl as recommended in the Manual of 
Methods (/'), gave positive indications of a moderate reduction of nitrate, less than 
half as much as in control cultures of Bacillus phiftophthonis and B. aroiticae. 

Diastatic action. —Plates of beef agar plu« 0.2 percent of starch were heavily 
inoculated with .surface streaks. Growth w’as not vigorous. On the eighth and 
tenth days a partially cleared zone 15 to 20 mm wide ajipeared wiien the plates 
were flood(*d with iodine solution. Potato-cylinder cultures 5 w*eek.s old tested 
with iodine als(» gave indication that the starch is only partially hydrolyzed. 

Cohn’s s(»LrTioN. -Repeated trials with light and with heavy inoculations 
show that the organism does not grow’ in this medium, 

Uschinsky\s solittion. —When heavily inoculated a slight milky color and thin 
clouding appeared after 6 to 10 days. In 4 to 6 weeks the clouding was moderate 
and fairly heavy and pale yellow rims and pellicles formed. There w’as no color , 
change in the medium. 

Fermi’s soldtion. — Growdh is sknv and slight in this medium. Heavily inocu¬ 
lated cultures 3 weeks old are faintly clouded and have a few slender w hite threads 
suspended in the liquid or attached to the tube wall. There is no rim of pellicle 
and no color change in the medium. 

Toleration of sodium chloride.— In beef broth containing 1 percent of NaCl, 
growth is as good as in plain broth. Grow^th is slightly retarded by 2 jiercent, 
greatly retarded by 3 percent, and entirely lacking in 4 percent of I^aCl. 

Indol Pit^^pttCTioN. —Indol is not produced. Cultures in a 2-percent peptone 
solution and in l-percent tryptophane solution grow lietter than in beef broth. 


‘ liiix.WAY, H See footnote fi 
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Til© tests were made with sulphuric acid and sodium nitrite. Control cultures of 
Bacillus coli produced indol. 

Hydkogen «ulphjde PRODtJCTiON. —A slight Si nount of hydrogen sulphide is 
produced. Tests were made in lead acetate agar; also by strips of lead acetate 
paper suspended over cultures. 

Ammonia production. —Slight amounts of ammonia are produced in 
media and in peptone-broth cultures. 

Milk. —Milk is slowly coagulated. The curd remains soft and jelly like for 2 
to 3 weeks, then becomes more compact. Casein is slowdy digested, about 3 
months being required for complete digestion. The whey is yellowish and viscid. 
Numerous tyrosin crystals form in all milk cultures. 

Litmus reduction, —Lavender-colored litmus-milk shows slight to no bluing. 
Reduction of the litmus begins in 4 to 8 days and is complete in 6 to 12 days. 

Methylene blue reduction. —Methylene blue in milk is considerably reduced 
in 2 and entirely reduced in 8 days. 

Fermentation op carbohydrates. —The ability of the bacteria to ferment car¬ 
bohydrates was tested on peptone-free synthetic agar (7), with brom-cresol purple 
as an indicator. One percent each of dextrose, sucrose, lactose, maltose, mannite, 
and glycerin was used. Acid without gas was formed very promptly from dex¬ 
trose and sucrose, rather slowly frdm lactose, and very slowly from glycerin. In 
maltose there was only a trace of growth and no acid reaction. There was no 
growth in mannite. 

Temperature relations. —The optimum temperature for growth is iKdween 
20® and 26® C. Beef-bouillon cultures cloud more readily at 25® to 26® than at 20® 
to 22®, but after several days the cultures at the lower temperatures have the 
better growth. The minimum temperature for growth is 2® or lower. The maxi¬ 
mum for beef-bouillon cultures is 32®. (Beef-bouillon cultures cloud thinly at 
33® and 34® in 1 to 2 days, but this clouding disappears in 1 day or less.) Slight 
but persistent growth occurs on beef agar at 34® and on potato-dextrose agar at 
36° and 36®. No growth occurred at 37®. The thermal death point is near 52°. 

Effect of freezing. —Potato-dextrose agar cultures held at 4° to 8° F. ( — 20® to 
■”’22® C.) for 43^ months, except for several short intervals of partial or complete 
thawing, were not killed or even noticeably reduced in vitality. 

Effect of sunlight. —Freshly inoculated plates of lieef agar with half of 
each plate covered to exclude direct light were exposed for 10, 20, and 30 minutes 
to direct sunlight at midday, April 5, 1932. A slight haze but no clouds slightl> 
reduced the light. In these tests the bacteria were killed in the areas Hul)jected 
to the direct rays of the sun, and also to a considerable distance under the covered 
parts. Colony numbers were normal only in the area fartliest from the light. 
In a repetition of the experiment at midday, April 12, 1932, when there was no 
haze, all bacteria were killed by exposure for 10 minutes; in 6 minutes 80 to 90 
percent were killed, and in 3 minutes 40 to 60 percent were killed. 

Optimum reaction and toleration limits. —Because of the slow growth of 
the bacteria the pH values of the medhyim may change somewhat before the 
cultures cloud. Repeated tests, with the pH values of the media determined at 
inoculation time and again wiien growth became evident, indicate 7.0 as the 
optimum for growth, and 5,5 and as the limit.M The different strains studied 
varied slightly, and at different times the same strain sometimes showed slight 
variations in the pH requirements. 

Relation to oxygen. —The organism is aerobic. There was no clouding in 
the closed ends of fermentation tubes containing beef bouillon and synthetic 
media plus carbohydrates, nor in agar tubes either with or without carbohydrates. 

Vitality in culture. —In culture media, particularly in beef media, the 
vitality of the ivy bacterium shows a lack of uniformity. At room temperature 
some beef cultures have remained alive for 7 months, but most cultures die 
within 2 to 8 weeks. Many transfers to beef media, especially if made from 
liquid culture, fail to^establish any growth. On potato-dextrose agar there is 
no difficulty in securing vigorous growrth, and no reduction in vitality has been 
noted in cultures of various ages up to and including some 9 months old. At 
temperatures below^ freezing, the organism remains alive at least 4 months on 
potato-dextrose agar. Cultures that grew slightly at 34® and 36® C. and remained 
at these temperatures for 20 to 30 days were to some extent reduced in vitality, 
as shown by growth in transfers under favorable conditions but by failure to 
grow under slightly adverse conditions. 

E|FFECT of desiccation. —Tests for resistance to drying were made by placing 
drops from beef-bouillon cultures or growth from agar cultures diluted in water 
or proth on cover glasses, and after these had dried, introducing them at intervals 
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into culture media. As in transfers from beef cultures, there was a lack of 
uniformity in growth results. A large number of covers failed to give any growth 
after drying even a few days. Some, however, produced typical growth after 
drying for 43 days. If the (*)vers were put infiO beef bouillon, growth very 
seldom developed- The best /nethod found was to embed the cover partially in 
vejpv moist potato-dextrose agar. 

HISTOLOGY 

Thin, stained sections of ivy leaves collected 9 days after inocula¬ 
tion by spraying with suspensions of Bacterium hederae show numerous 
small infected areas on the lower side of the leaf. Bacteria are 
abimdant in these lesions, most of which have penetrated only a short 
distance; others extend through half the thickness of the leaf and 
spread laterally an equal distance. In these sections the lesions are 
advanced to a stage where the lower epidermal cells are broken or 
<hstorted, and cases of distinct stomatal infection have not been seen. 
Stomata are present on the lower surface only of the ivy, and since 
infection starts on the lower side of leaves inoculated by spraying, 
it seems more than probable that the infection is st>omatal. The 
numerous and large intercellular spaces in these leaves afford good 
accommodations for masses of bacteria. First the bacteria occupy the 
intercellular spaces; later the cell walls break. In some cases the 
bacteria seem to be inside inta(*,t cell walls. In sections of older 
lesions there is considerable breaking down of cell walls, the bacteria 
occupy lai*ge pockets, and the upper as well as the lower epidermis is 
destroyed. Sections of leaves collected 48 hours after inoculation 
show no sign of infection. The bacteria in the lesions are 0.7 to 2 m 
by 0.2 t/O 0.4m wide. Capsules were stained on rods direct from leaf 
lesions. Staining of flagella on leaf-lesion rods was not attempted. 

TECHNICAL DESCRIPTION 

Bacterium hederae Amaud is a short, motile rod, 0.7 to 2.7m by 
0.8 to 0.6m, with a single polar flagellum. Capsules are produced, 
but no spores. It is Gram-negative and is not acid-fast. It is 
aerobic. Gelatin and blood serum are slowly liquefied. Nitrate is 
slightly reduced, but no gas is produced. Diastatic action is slight. 
A(*id without gas is formed from dextrose, sucrose, lactose, and 

f dycerin. The organism does not form acid in milk, but reduces 
itmus and meth;^ene blue in this medium. Indol is not fonned. 
Slight amounts of hydrogen sulphide and arnmonid are produced. Its 
optimum pH value for growth on beef media is 7.0, and the optimum 
temperature for growth is 20° to 26° C., maximum 36°, minimum 
below^ 2°. Its thennal death point is 52°. On beef agar growth is 
moderate to slight. Colonies are round, smooth, pale yellow. On 
potato-dextrose agar growth is abundant, pale yellow . It causes loaf 
spots and stem cankers on English ivy, Iledera helix, and its horti¬ 
cultural varieties. 

SYNERGISM 

With the appearance of Burkholder and Guterman^s {i) report of 
synergism between Bacterium hederae and an associated organism, 
expenments were conducted with 10 associated bacteria which the 
present writers had isolated and designated as cultures d to m. With¬ 
out exception these associated organisms were isolated from old spots 
on foliage^ Isolation - from young diseased areas never failed to yield 
pure cultures of Bac* heietae. 
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Inoculations were made on leaves injured by needle pricks with 
Barteriu7n hederae in pure culture and also mixed with each of the 10 
associated bacteria. In one case wdien culture d was mixed with 
Bact. hederae a distinct increase in size of vlie infected area resulted, 
which was still evident after 4 weeks from the time of inoculatitf;n. 
In all other nine mixed inoculations {Bact. hederae plus (‘ultuA'?: 
e-m), the exact reverse process took place, or a case of anergisin. 
The spots resulting from these mixed inoculations after 1 month were 
approximately 2 mm in diameter and lacked the water-soaked margins 
characteristic of active invasion of tissue. Inoculations with Loci, 
hederae in pure culture produced spots 7 mm in diameter, and with 
Bact. hederae and culture d 12 mm in diameter in the same tiive 
(pl. 1, 

Organisms d and k are not the associated organisms reported by 
Burkholder and Outerman (2). Their identity is unknown. The 
aiiergistic action of nine other associated organisms {e to m, inclusive) 
is WMU’thy of note. 

CONTROL MEASURES 

As measures of control of this disease, all soil, sand, or cinders on 
which an infected lot of plants have stood should be removed and 
the beds or benches sterilized by washing or spraying with formalde¬ 
hyde solution 1:50 or corrosive sublimate 1:1,000, before placing 
another lot of potted cuttings on them. If the infection on any lot 
of plants is slight, hand-picking of the infected foliage, the pruning 
out of all tip infections, and the dis(»arding of plants showing stem 
cankers can be resorted to and will lessen the danger of inciea^ing 
severity. Keeping the temperatures of the houses at 50° F. or below 
has also seemed to check the rapidity of spread. Excessive springing 
of the plants should be avoided, as this practice* tends to spread the 
disease, particularly fi;om plant to plant in the same bemdi 

The use of protective sprays on ivv is not desirable, because of tlie 
residue deposited by them on tlie foliage. Potassium permanganate 
has been tried in concentrations as high as 1:000. At this conc(*ntra- 
tion some injuiy took jdace, but injury was absent at a concentration 
of 1:S00. The grower felt that <‘onsiderable advantage from the 
standpoint of disease control was obtained after repeated applica¬ 
tions, although no unsprayed plants were held as checks against the^e 
sprays. Mercuric bichloride a con(*entratioii of 1:1,000 has alM) 
been used, and this caused slight injury to the young foliage. 

Preliminaiy tests were made wdth proprietary organic-n er(*ury 
si)rays containing as the toxic ingredient ethyl n*ercury arsenate and 
phenyl mercury acetate in concentrations of 1:000 to 1:50. A single 
application of these materials at any of the concentrations used caused 
no perceptible injury, but with subsequent applications the foliage 
be(*ame yellowish and in some cases the young foliage became curled 
and crinkled. As a result of this injury these materials were not 
used in further control tests. 


SUMMARY 

A bacterial disease of English ivy, Iledera helix L., causing a leaf 
spot and stem < anker is described. From the results of inoculations 
on 12 horticultural varieties, all were found susceptible. The incu¬ 
bation period varied from 5 to 21 days, depending on the temperature, 
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humidity, and age and type of tissues inoculated. Young tissues are 
more easily infe(*ted tlian old ones, and the incubation period is pro¬ 
portionately shorter. 

The causal organism {^acierium hederae Arnaud) has been isolated 
arfd its pathogenicity moved by numerous inmulation experiments. 
Vvoimds are not necessary for infection, which is evidently stomatal. 

The morphological cultural, and physiological studies of the patho- 
gene are described in detail and a technical description is given. The 
index number is 5322-3115-1222. 

Synergism with 1 associated bacterial organism and anergism witli 
9 other associated bacterial oi-ganisms were noted. 

Various methods of control are suggested. 
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GROWTH OF CHICKENS AS A FUNCTION OF FEED 
(j^NSUMPTION ■ 

Habry W. Titus, biologiM chemisif Mobley A. Jitll, senior poultry husband- 
^ {rnan^ and Walter A. HEjjll)RicK8, junior biologisty Animal Husbandry Division^ 

Bureau of Animal Industry, United States Department of Agriculture 

INTRODUCTION 

The relationship between the we^ht of feed consumed by a growing 
animal and the resulting gain in live weight is one of both practical 
importance and theoretical interest. As a result of a large number 
of scattered observations, much information has been obtained 
regarding the factors which influence the economy of gains made by 
domestic animals, but the information so obtained has never been 
fully organized. Students of animal nutrition have realized for a 
long time the need of more exact knowledge of this kind; nevertheless 
it was not until about 10 years ago, when Spillman {4) ^ suggested the 
use of the equation of the curve of diminishing increment mr express¬ 
ing the relationship between feed consumption and live weight, that, 
from the point of view of the present wnters, the firsit real advance 
was made. 

In previous papers dull and Titus {3) and Titus (5) showed that 
in crossbred chickens and ducks the equation of the curve of dimin¬ 
ishing increment expresses with a high degree of accuracy the rela¬ 
tionship between feed consumption and live weight over an appreciable 
interval of growth. The data presentc^d in these earlier papers, 
however, did not constitute a rigorous test of the relationship because 
the same diet was not fed from the first feeding until the conclusion 
of the experiment, and because a sufficiently long interval of growth 
was not investigated. Furthermore, as a result of the small number 
of data involved and the lack of a wholly suitable method of fitting 
the equation, considerable doubt remained as to the true significance 
of some of the parameters of the equation. 

The experiment described in the present paper was planned for 
the purpose of (1) obtaining much more extensive and critical data, 
(2) studying the effect of sex on the utilization of feed, and (3) deter¬ 
mining the effect of different levels of feed intake on the relationship 
between feed consumption and live wpi^ht. The plan of the experi¬ 
ment provided for (1) feeding the same diet, but at different graduated 
levels of intake, to 7 pens of males, as well as to 7 pens of females, 
for a period of 52 weeks; (2) collecting the pertinent data on feed 
consumption, live weight, and mortality; and (3) making a mathe¬ 
matical analysis of the data. 

EXPERIMENTAL MATERIAL AND METHODS 

Approximately 560 chicks were hatched in electric incubators 
February 13, 1930, at the United States,Animal Husbandry Experi¬ 
ment Farm, Beltsville, Md. The eggs were obtained from a flock of 

1 Received for publlcatioo Jan. 15,1934; issued July, 1934 
* Reference is made by number (italic to Literature Cited, p 835. 
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Barred Plymouth Rock fefltnalos mated to Rhode Island Red males. 
This mating was employed in order to make use of the sex-linked 
barring factoj* which enables one to sepai^tc the sexes at hatching 
time. After removal of the weak and otlxfi'wise unsuitable chicks, 
there remained 265 males and 244 females. ' * These were distribul^^ 
among 14 pens so that there were 7 pens containing 37 males earn 
and 7 pens containing 34 females each; the remaining chicks were 
discarded. 

The chicks were brooded under electrically heated brooders in a 
series of pens in a hot-water-heated brooder house. After they were 
a few daywS old they were allow^ed the freedom of small run yards 
adjoining the pens. By means of this arrangement the chicks had 
access to direct sunlight whenever the weather permitted. The 
floors of the pens and run yards were constructed of concrete. 

Approximately 10 percent of the chicks developed perosis (7, S) or 
‘other abnormalities and were killed as soon as such abnormalities 
were observed. During the coiime of the experiment, as the chicks 
became larger, others were removed to prevent crowding in the pens. 

THE DIET 

The following diet, to which 1.5 percent of (‘od-liver oil uas added, 
was fed in the form of a dry mash to all 14 pens of chicks from the 
first feeding until the end of the experiment 

Percent 

Yellow corn nu?al. ... .. 40. 0 

Oro\n\d wheat_ -- _ _ . - . 22.0 

Com gluten meal_ __ _ ... - 10.0 

Dried buttermilk-.. . . 10 0 

Meat scraps (55 percent protein).. __ . . - 10, 0 

Special steamed bone meal. _ _ .. . . . - . 3.0 

Alfalfa-leaf meal. .. . . _ 25 

Yeast preparation . . . . . _. 2. 0 

Common salt.. _ _ _ ... . . _ . . .5 

Total .. .... . . - ... . .... . .. --- __ 100. 0 

This diet, as the average of a number of analyses of different lots 
of it showed, contained approximately 10.4 percent of moisture, 7.1 
percent of ash, 4.9 percent of ether-exlractable material, 19.4 percent 
of crude protein, 2.6 percent of crude fiber, and 55.6 percent of nitro¬ 
gen-free extract. 

LEVELS OF FEED INTAKE 

One pen of males and 1 pen of females were given all the feed 
they would eat, and the other 6 pens of each sex were fed at diflerent 
lower levels of feed intake. Accurate feed-consumption data obtained 
over an extended period were not available for this particular cross- 
bieed of chickens. Accordingly, in order to determine how much 
^feed to give to each of the 12 pens of chicks that were to be kept on 
*the lower levels of feed intake, use was made of data previously 
obtained by the writers with several groups of Rhode Island Red 
chicks in which the sexes had not been separated. From the average 
ad libitum feed consumption of these chicks, tables were prepared 
which gave the weight of feed, per chick, f©r each day in omer that 

the relative levels of feed intake for the 6 pens of each sex would bje 

—. . . . . - 

»A cpminercUl ywast preparation made by drying a susiiensiou of yeast on corn meal; it contains approxi* 
mateiy SO percent* by weight, of dried yeasi. 
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87.5, 75.0, 62.5, 50.0, 37.5, and 25.0 per(;ent, respectively, of this 
arbitrarily chosen standard. 

The quantity of feed cfinsumed, per chick, by the pen of females 
which was allow ed to eat a 11 the feed that it desired was approximately 
equal to the ad libitunj'feed consumption of the Rhode Island Red 
cilicks mentioned prevmusly, but the quantity consumed, per chick, 
by the corresponding pen of males was appreciably greater. Thus, 
although the relative levels of feed intake (table 1) wore not the same 
for the corresponding pens of males and females, the absolute levels 
(actual quantity) of feed intake were practically the same, except for 
the pen of males and the pen of females wdiiidi were given all they 
w^ould consume. 

Table 1.— Levels of feed intake of the 7 pens of males and the 7 pens of females 


Male^ 


Females 


fVti no 


HI 

HO 

SK 

92 

94 

90 


Level of feed 
1 intake as i»er- 
centu^e of the 
I averuKeail libi- 
1 turn feed eou- 
' suni{>tion of 
I Rhode Island 
Reds « 


Relative level j 
of feed intake, | 
as percentage ^ } 
of the average j 
ad libitum feed ! 
consumption of j 
crossbred nialas; 


Ptrccuf I Perctvt i 
127 5 ' 100 0 - 

h7 f) 1 0 ! 

75 0 , 5H 9 1 

02 5 49 0 

5)0 0 I 39 2 

37 5 1 29 4 

25 0 . 19 6 ' 


Pen no 


H5 

H7 

H9 

91 

93 

95 

97 


I Le\eIoffeed 
I intake as per- 
' centage of the 
‘ average ad libi- 
' tiiin feed con- | 
, sumption of ; 
' Rhode Island ■ 
i Reds« ' 


Relative level 
of feed intake, 
as iKjrcentage *> 
of the average 
ad libitum feed 
consumption of 
crossbred fe¬ 
males 


J*erci'jU ' J*nc( ttf 


102 2 ' 

J(K) 0 

K7 5; 

Hf) 1 

75 0 i 

73 5 

02 5 i 

60 9 

50 0 1 

49 2 

.17 5 ! 

36 H 

2f> 0 

24 5 


a Sexes not sejairaied 

f' Levels of feed intake wen* computed each week, and the averages for the first 30 weeks were taken 


The females in pens 85, 87, 89, and 91 began laying during the 
twentieth, twenty-third, twenty-fourth, and twenty-seventh weeks, 
respectively, of the experiment, and for a time an attempt was made 
to 'S‘orre(*t the feed consumption by sul)tracting 40 grams of feed for 
eacli egg laid (6*). By the thirty-sixtli week the egg produetion had 
in<‘rea.sed to such an extent in pens 85, 87, and 89 that the w'riters 
believed it was no longer possible to ^correct the feed consumption 
w ith a sufficient degree of aeeuracj', and so these three pens were dis¬ 
continued at the end of the thirty-sixth week. 

EXPERIMENTAL DATA 

Records were kept of the quantities of feed consumed per\-l'if;k 
per week, of the live weights of the chicks at the end of each week, 
and of the mortality in each pen. * 

The experimental data on feed consumption and live weights are 
too voluminous for piesentation here. However, the discussion cen¬ 
ters around, and most of the conclusions depend on, a relatively small 
number of constants derived from the data. TJiese constants are 
given in the discussion wliich follows. 

• Since mortality data are of considerable importance in interpreting, 
the results of feeding experiments, table 2 is given. In general the 
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number of birds that died ^as ve^ small except in the pens receiving 
less than 50 percent of the ad libitum level of feed. 

\ 

Table 2. —Number of deaths “ occurring in each during each 4-week period 


MALES 



8f) . 

0 

0 

0 

2 

0 

0 

0 

0 

0 





87.1 

0 

0 

0 

Q 

0 

0 

0 

1 

0 

(4) 




89. 

1 


0 

0 

0 

0 

0 

1 

0 

(") 




91. 

1 

I 0 

0 

1 

0 

0 

0 

0 

0 

0 

6 

0 1 

0 

93. 

1 

0 

0 

0 

0 

2 

0 

0 

0 

() 

1 

0 1 

0 

9fi 

0 

0 

1 

0 

0 

0 

0 

0 

3 

1 2 

1 

1 ^ ’ 

1 

97. 

9 

0 

0 

2 

I 0 


1 

1 

7 

•7 

1 

1 _ 1 



• Exclusive of perosis, which does not directly affect growth 

* There were 37 chicks in each pen of males and 34 chicks in each t>eu of females at tiie l>eginniDg of tiie 
ex^ieriment. 

«This pen was discontinued at the end of the thirty-eighth week because of excessive mortality. 

* This pen was discontinued at the end of the thirty-sixth week tiecause the egg production had increased 
to such an extent that as far as the relation between feed consumption and growth was concerned, the data 
were of questionable value. . 

• This pen was discontinued at the end of the thirty-seventh week l>ecause of excessive mortality. 


FITTING THE EQUATION OF THE CURVE OF DIMINISHING 
INCREMENT TO THE EXPERIMENTAL DATA 

The equation of the curve of diminishing increment was fitted to 
the feed-consumption and live-weight data obtained from each of the 
14 pens. This equation may be written in two ways, of which one is 

W^A~BR>' ( 1 ) 

in which, according to Spillman’s hypothesis (4), 

• lV=the live weight for any corresponding feed consumption, F; 
A ~ the maximum live weight attainable^ 

R.~the difference between A and the initial live weight, i.e., the 
total gain in live weight possible; 
the Spillman ratio, which is the inverse ratio of the gains in 
hve weight resulting from any two successive units of feed 
consumed (thus, if one unit of feed produces a gain of 0.30 
kilogram and the next a gain of 0.27 kilogram, 

r. 1 0.27 
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F==the cumulative feed consumption. 

Another form in which this equation may be written is 

t ( 2 ) 

in which H", /?, tmd/'have the same significance as before, c is 

the base of the natural system of logarithms, and k is a constant which 
is related to It by the following equation: 

(3) 


The first step in fitting tliis equation to the data for each pen was 
to determine tlie approximate values of the parameters A, B, and k 
by the rapid method recently described by Hendricks (f). After 
having obtained the approximate values of A, By and ky the writers 
employed the following adjustment equation to determine the correc¬ 
tions to be made to the approximate values of the parameters: 

Wo6b/^ WMo ~ ' IVo' 

in which 


¥ 

dA„ 


- 1 , 


dB „ ~ 




and a, p, and 'k are corrections to be made to A^, B^^ and A*,,, respective¬ 
ly, which are approximations, pre%dousJy obtained, of the constants 
Ay By and k; and W and are, respectively, the corresponding 
observed and calculated live weights. 

The corrected values of A, By and k were readjusted until the cor¬ 
rections became negligible. In most cases only a single adjustment 
of the parameters was required because the rapid method gave values 
of the parameters which requiied only small corrections. The values 
of R were then calculated by means of the relationship between k and 
RyLo.y R^fT^. The unit of feed weiglit, as well as the unit of live 
weight, used in this study is the kilogram. In applying the various 
equations, all weights should be expressed in kilograms. 

The writers consider the adjustment equation used in this paper, 
i.e., equation 4, to be superior to the one previously used by Jull and 
Titus (5), for when equation 4 is used, the sum of the squares of the 
relative residuals is reduced to a minimum, whereas when the other 
equation is used, the sum of the squares of the absolute residuals is 
reduced to a minimum. 


THE PARAMETERS AND DERIVED CONSTANTS 

In order to summarize as briefly as possible the chief numeilcal 
results of fitting the equation of the curve of diminishing increment 
to the data on feed consumption and live weight, the parameters of 
this ecjuation, as well as several derived constants, have been tabulated 
in table 3. 
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INTERPRETATION AND DISCUSSION OF THE EXPERIMENTAL 

RESULTS 

RELATIONSHIP BETWEEN FEED CONSUMPTION AND LIVE WEIGHT AS EXPRESSED 
BY EQUATION OP CURVE OF DIMINISH,TNG INCREMENT 

A comparison of the observed live weighis with those calculated 
by means of the equation of the curve of diminishing increment showed 
that this equation describes the relationship between feed consump¬ 
tion and live weight with a high degree of accuracy. 

To illustrate graphically the excellent agreement between the ob¬ 
served and calculated live weights, the observed average live weights 



ci/rfe/^r/fTF 


Fuhtre 1.— A representative example of one of the pioorer fits of the equation of the curve of diminishing 
increment to the experimental data. The smooth curve was plotted by means of the equation 

W’»3,67d96~3.64207«“« w***"^" (kg) 

The crosses represent observed average live weights plotted against cumulative feed consumption. 

s-f fne cockerels in pens 84 and 86 are plotted, together with the fitted 
curves, in figures 1 and 2, respectiveh^. Pen 84 was selected as being 
representative of ope of the poorer fits of the equation to the experi¬ 
mental data, whereas pen 86 was selected as being representative of 
one of the better fits. In the case of pen 84 some of the deviations of 
the observed live weights from the curve are rather large, but in no 
instance do they,,exceed 12 percent of the corresponding calculated 
values, and the cofefficient of deviation is only ±4.52 ^rcent. In 
4he ca^ of pen 86 the laigest deviation is less than 7 percent, and the 
coefficient of deviation has the very low value of ± 1,56 percent. 
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The coefficients of deviation of the observed from the calculated 
live weigjhts for all 14 pens are given in table 3. The low values'of 
these coefficients are further evidence of the close agreement between 
the observed and the calciilated live weights, and hence of the ability 
of thti! equation of the cu.ve of diminishing increment to express ac¬ 
curately the rehitionship*between live weight and feed consumption. 

It was of considerable interest to note that for those pens in which 
egg production did not complicate the picture most of the deviations, 
when expressed in percentage, were rather small, except in the case 
of the 2 pens in which the chicks were allowed to eat all they wanted 
and the 4 pens on the 2 lowest levels of feed intake. This at least 
indicates the practicability, as well as the desirability, of controlling, 
according to a pre- 
determilied schedule, 
the feed intake of ani¬ 
mals in comparative 
feeding experiments, 
so that the feed con¬ 
sumed will be some¬ 
what less than they 
would eat of their owm 
free will but at least 
50 percent of the 
quantity that they 
would normally be 
expected to eat. A 
level of feed intake 
equal to approxi¬ 
mately 70 percent of 
the ad libitum level 
is recommended 
because in most cases 
the animals receiving 0 2 s 

feed at this level of 

intake may be expect- 2 - a representative example of one of the better ats of the equa- 

e.l to eat all that is Uon of the curve of dimimshimt increment to the experimental data 
f‘>(1 them unless the smooth curve was plotted by means of the equation 

feed is unpalatable, »'=-2 95 « 2»-2 9228i. o,mi»> (tg). 

and because, as is The crosses represent observed average live weights plotted against 
shown later, the f«<I consumption 

value of the Spillman ratio for this level is not so greatly different 
from its value for the ad libitum level; w'hereas below the 70-per- 
eent level the value of the Spillman ratio decreases with increasing 
rapidity as the level of feed intake is decreased. ’ , 

Titus and Hendricks (.9) Itave recorded the observation that when 
chicks are fed at different levels of intake varying from about 40 

[ )ercent of ad libitum to ad libitum consumption, the live weights of 
ess than approximately 500 grams may be expressed by a single 
equation relating live weight to feed consumption, regardless of the 
level of intake. At first the reason for this j)henomenon was not 
clearly evident, but’the pre&ent study indicates tket*this follows as a 
resjik of one of the properties of the equatio3*6f the curve of dimin¬ 
ishing increment. Figures 3 and 4 illustrate point. The curyes 
of the fitted equations are plotted in figure 3 for males and in figure 4 

«88»8-M-8 
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for females. An examination of these curves shows that those for the 
levels of feed intake above 48 percent of the ad libitum feed consump¬ 
tion almost coincide, in the case of both the males and the females, un- 



FiaVKE 3 —Curves ot the fitted equations for the males. Solid lines represent thegrowth interval studied; 

broken line.s are extra{)olations. 
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sfuaied; broken lines are extrapolations. « . 


bittia; live weight between 750 and 1,000 ^ams is reached; and for 
of feed intake above 58 percent, the curves almost coincide 
nnwa live weight of nearly 1,260 grams is reached. 
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Having observed the close dependence of live weight on feed con¬ 
sumption, one may now 
Attempt to determine 
the cause of the irregu¬ 
larities in the curves 
showing the relation 
between feed consump¬ 
tion and live weight 
(fig. 1) and between 
e and live weight 


ag( 

(fi| 


ig. 5) for pen 84 and 
between age and live 
weight (fig. 6) for pen 
85. In figures 7 and 8 
the rate of feed con¬ 
sumption of the males 
and females, respec¬ 
tively,is plotted against 
age. Inspection of 
these figures shows that 
after about the twelfth 
week the rate of feed 
consumption by the 
chicks in pens 84 and 
85 was very irregular. 

And, in general, it is 
found that there is a 
direct relation between 
the irregularities in the 
live-weight curves and 
those in the curves depicting the 



li(riKE5 Live weights of the males plotted as a function of age 
Solid lines represent observed weights, long dash line for pen 84 was 
obtained by plotting, against age, the average li\e weights calculated 
b> means of the equation W «7b<*S- ) ti4i07e “ (kg), short* 

dash line for iien 84 represents t he w eight s w hith would ha\ e resulted 
if the feed consumption had followeil the curve, shown m figure 7, 
representing the approximation of the ideali/ed ad libitum rate of 
fee<l (onsumption 

rate of 


“1— f — T -'T - T —r 

r~ r 

I /oe? 





feed consumption. For 
the sake of comparison, 
approximations of the 
curves representing 
idealized ad libitum 
rate of feed consump¬ 
tion for males and 
females are sho^vn (by 
broken lines) in figures 
7 and 8, respectively. 
When the cur\es rep¬ 
resenting the observed 
rate of feed consu^np- 
tion are compared witii* 
the approximations of 
the idealized curves. 

Figure « - Live weights of the females plotted as a fuii< tion of age fViA irrpmilurifiPQ 
Solid lines represent obser\ed weights, long-dash line for t>en 8'» was \ 11 i r ii j ii 11 c i r » 

obtained b> plotting, against age, the average live weights ofthechlcks m tliC observed rate of 

calculated by means of the equation H -2 16495-2 13064«-o i __ 

(kg), short-dash line represents the weights which would have ICCO Consumption aiC 
resulted if the feed consumption of the chicks m pen 85 had follow eil l\rrkiio4if rkiif in o ct-YMlr 
the approximation of the ideallred ad libitum rate of feed consumi>. V^*'**^^ » suiK- 

tion curve shown in figure 8 The short lines transecting the curve^Ju^ manner, 
indioate The approximate age of the females, at beginning of la>lng, T < 

in Those pens tbefeed-consimiption data of which were corrected for I roni tnc expiaiia- 

egg produotioB Vion just given of tho 

irregularities observed in the curves showing the relation between feed 
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co^isumption and live weight, and age and live weight, it follows that 
ih conducting a comparative feeding experiment better results are 
obtained if, in addition to giving all the groups of chickens the same 

quantity of feed per 
head, it is arranged 
that the rate of feed 
consumption be a fixed 
percentage of a care¬ 
fully made approxima¬ 
tion of the idealized 
[ rate. Obviously, uni¬ 
formly regular growth 
can take place only 
when the rate of feed 
consumption closely 
follows a uniformly 
regular course. 

EFFECT OF THE LEVEL OF 
FEED INTAKE ON THE 
^ ^ S2 NUMERICAL VALUE OF 
^£r^££JtS) THE SPILLMAN RATIO 



^ .I - 


FK'rL'RK 7 -Oraiiisof feed consumed i>er chick |)er week in the seven According tO the data 
fHjns of nieles plotted aRainst aRe The solid lines represent the in 

observed feed consumption jier chick jier week, the broken line is an i i u iii inijit. »3, 

approximation of the curve showinR the idealized ad libitum rate of opHlmail ratio (Zi III 
feed consumption of the males m|.en 84. equatidllS 1 Hud 3) 

decreases in magnitude as the relative level of feed intake is det'reased. 
It now remains to determine the nature of the relationshij) between 
the relative level of feed intake and the numerical value of R. If 

these two variables are .. —r--,_, , - ^ 

plotted against each I 1 T T ^ 

other, as in figure 9 it | | i t - ^ ‘ 1 

at first appears that | ^ , | .4 -, 

the relationship is ex- v \ _ 

pressible by the equa- ^ ^ • T ’ 

tion of the curve of ^—i ^ J - - 

diminishingincrement. ^ ^_|„ 

However, if a calcula- i ^—- 

tion is made of the | ""r-i-t - 1 

values of R when the § £<?o —- - - 

unit of feed consump- ^ 

tion is 10 kilograms ^ ^ \ j "i ^ | 

instead of 1 kilogram, * s h ~~*o 4 ^ ^ ££ 

an(] these new values r^££/f£j 

against the g —Grains of feed consumed per chick per week in the seven 

relative levels of leea Iieus of females plotted against age. The solid lines represent the 

in f aLa f L a o ; rr »nV» \ /J observed feed consumption perchick per week; the broken line is an 

1 li i lit, h i g III GIG approximation of the curve showing the idealized ad libitum rate of 

shane of tiie curve at feed consumption of the females in pen 85. The short lines tran^ 

, sectlng the curves indicate the approximate age of the females, at 
once becomes apparent* beginning oflaylng, in those t>ens the feed-consumption data of which 

Because of the sig- ^e^o^reet^lfororeproouction. 

moid shape of tjje cprve (under the conditions just stated) it was 
decided to fit the eSvkttion 




/£ /£ £4 £S ££ 40 44 4£ ££ 

^0£ 04’££^Sj 


Figure 8 —Grams of feed consumed per chick per week in the seven 
jieus of females plotted against age. The solid lines represent the 
observed feed consumption perchick per week; the broken line is an 
approximation of the curve showing the idealized ad libitum rate of 
feed consumption of the female.^ in pen 85. The short lines tran- 
sectlng the curves indicate the approximate age of the females, at 
beginning oflaylng, in those t>ens the feed-consumption data of which 
were corrected for egg production. 
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to the data. When this was done it was found that an excellent* fiI 
was obtained, since in no case did the observed values difler from ti e 
calculated values by more than 3 percent and the coefficient of devia¬ 
tion was only ±2.13 percent in the case of the males and ± 0.95 per¬ 
cent in the case of the females. The results obtained by fitting 
equation 5 to the two sets of data are given in table 4. 

Table 4.-- - Effect of the level of feed intake on the numerical value of the Spillnion 

raiiOf R 



Males 




Females 




Spillman 

1 iiffereiiw 
lietweeii ob- 


Spillman 

ratio, 

Ji (or e-*) 

Diffc'renee 
lietween ob- 

Itclativc lewd ■* 
of feed 

ratio, 

Ji (ore-*) 

servetl and 
ciilculated 

llelative level 
of feed 

served and 
calculated 

intake • 





intake « 





(l»ercent) 





(l>ercent i 





Ob- 

Calcu- 

Abso- 

Rela- 


Ob- 

ralcu- 

Abso- 

Rela- 


served 

latetl 

lute 

tive 


served 

lated f 

lute 

ti\e 

' 1 




Per- 





Per- 





cent 





cent 

KMIO 

(1 911« 

0 9096 

-fO 002t) 

-f 0 22 

100 0 -. 

0 8623 

0 8563 

-0.0040 

-0 47 

(i8 (j. 

8867 

.8928 

- (KXil 

-.68 

86 4 

.8617 

.8543 

h.0074 

+ 87 

HHU .. . 

. 87(l.'i 

87t53 

~ 00.58 

- 66 

73 6 

84.62 

8499 

- (X)47 

- 56 

4»0 

8499 

8468 

-f (K)4l 

-h.49 

60 9- 

8353 

.8380 

- 0iy27 

- 32 

2 

81M 

7937 

-f 0217 

-f2 74 

49.2. * 

K(»3 

8114 

- 0081 

-1 00 

29 4- 

6894 

7io;i 

- 0209 

-2.94 

36 3 

. 7666 

7476 

+ 0079 

+ 1 (W 

19 (i . .J 

fi970 

6919 

4 (K161 ! 

+ 86 1 

24 6 

6201 i 

6222 1 

- 0021 

- 34 

<’mdliciciit of dc- i 




=b2 13 

(’oefflcient of i 

. 



± 9.6 

V mtioii 1 

1 


i__.. 


deviation 




j 


• as pen'ttutajre ot the ad libitum fee<l consumptiou. 

Calculated by means nf the equation, “0.06568{j- 10 240:<), in which p^the Spillman ratio, 

A’, and / -the level of feed intake 

< (^alculateil by means of the eiiuation, inOHUU- ll K42tb, in which *iand / have the same 

sijinificanoe a.s in the preceding footnote 


Figure 9 clearly shows the relationship between the Spillman ratio 

Although, as previously stated, 




and the relative level of fetid intake 
this ratio decreases as the 
level of feed intake is de¬ 
creased, the rate of decrease 
is relatively slow until a level 
of about 50 percent is reached, 
after which it becomes very 
rapid. This was one of the 
reasons that earlier in this 
paper a level of feed intake 
eaual to 70 percent of the 
an libitum level was recom¬ 
mended for use in compara¬ 
tive feeding experiments. 

By means of the equations 
given in the footnotes to table 
4 one may calculate the value 
of B with a high d^ee of 
acouracy for any relative 
level of feed int^e, at least 
over the interval studied, i.e., between approxJ 
cent of the ad libitum feed consumption. In ' 
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Figure 9 —Effect of level. 
/e(or«~*). TheisoliiFi 
the equations given in 


intake on the Spillman ratio, 
ae curves were plotted by means of 
atnotes b and c of table 4. 

[lately 20 and 100 per- 
le case of the males it 
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is found that B is equal to 0.9096 for the ad libitum level and 0.8945 
for the 70-percent level; and in the case of the females the corre¬ 
sponding values of R are 0.8563 and 0.8476, respectively. 

With the exception of swine, the growing animal makes lai^er 
gains in live weight when full-fed than when upderfed, and makes them 
more economically. Hence, two very practical questions arise: (1) 
What constitutes underfeeding? and (2) how serious is a given degree 
of underfeeding? The answer to the first question is that anything 
materially less than the ad libitum level of feed intake is underfeeding 
in the case of the growing animal. The second question can be 
answered satisfactorily only when the case is accurately specified. 
Nevertheless it may be shown, by means of the figures given in the 
preceding paragraph, that the first 4 kilograms of feed consumed by a 
growing cockerel, if fed at the 70-percent level, are utilized nearly 97 
percent'* as efficiently as they would be if fed at the 100-percont, or 
ad libitum, level. In the case of the growing pullet the feed is utilized 
slightly more than 98 percent as well at the 70-percent level as it is 
at the 100-percent level. 

When an animal is grossly underfed, the situation is quite different. 
For example, a pullet utilizes her first 4 kilograms of feed only about 
83 percent as well at the 40-percent level of intake as at the 100- 
percent level, and the cockerel utilizes his feed only about 79 percent 
as well. 


EFFECT OF THE LEVEL OF FEED INTAKE ON THE TOTAL GAIN POSSIBLE 

The data presented in table 5 show that B, the total gain possible 
on any given level of feed intake, decreases as the level of feed intake 
is decreased. Tliis is shown graphically in figure 10, which indicates 
the mathematical form of the relationship between the two. Too few 
data are available to enable one to determine the precise form of the 
equation most suitable for expressing as a function of level of feed 
intake; however, to enable one to estimate the numerical value of B 
for any relative level of feed intake within the range studied, the data 
were graduated by means of the equation 

2 /=a-6 i-** (6) 


In table 5 the numerical values of B, calculated by means of this 
equation, are compared with the observed values. Although the 


* For computing the relative officienry of utilization of the feed when fed at two diiTerent levels, a fund ion 
involving only is to be preferred to one involving botii B and R, since R (toble 4) was graduated with 
much greater precision than B (table 5) A suitable function involving only R may i>e obtained as follows. 

Since W»«A-BR^, the initial weight, W'l, is given by the equation Ilfollow's, lhen,thntthe 

gain, (?, may be expressed as follows' Flenc*e, the ratio of 

ihe gain resulting from the first 4 kilograms of feed at the FO-peroent level of intake to the gain resulting from 
The same quantity of feed at the ad libitum level is 

Since the product of k and B is a constant, kioBn^A constant""ifeiooBiPo; bonce 


Bn ^km 
Bm kn. 

Also, since c 2.3026 logit. Hence, one may write 

)_fc)OoO*-B^o) (—2,^26 log Bioo) (I—B<7o) (—log Bjw) (1—B^o) 

Gmo **(-2.3026log Hn) 

- (-10* 0.B0#6) (l-059iB_{a()|'.H06) (0.3M«)„O.OJ48(»S0010 . „„„ nonroiimntclrOT Dofct'nt' 

~ - -4 {CT4I57rro.3i® aoiisiWMiSM C-**®-*- approximately 97 percent. 

{-log 0.H9I6) {1-0.8094) 
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agreement between the two is not so good as is’ to be desired, especially 
in the case of the males, one can interpolate by means of equation 6 the 
expected total gain for any level 
of feed intake with a fair degree 
of accuracy. 

Table 5 shows that th’e calcu¬ 
lated value of B for the pen of 
males and the pen of females 
which ate all the feed they 
wanted is appreciably greater 
than the observ'ed value in both 
cases. Tliis, no doubt, is due in 
part to the fact that the chicks 
in these two jiens wasted some 
of the feed given them. The 
value of B for the pen of males 
on the 29.4-percent level of feed 
intake is out of line with the 
values of this parameter for the 
other pens of males; likewise the value of A, the maximum average 
live we4?ht attainable, is out of line. The reason for these apparent 
discrepancies is not known. 

Table 5. —Effect of level of feed intake on numerical value of B, total gain possible 
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Figure lO.—KlTeft of level of fml intake on B, the 
total Rain jwHsible. 1'he dash-line curves a'ere plotted 
by means of the equations given in footnotes b and 
c of table 5. 
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JOO 0 . 
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gram 
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gram 

Percent 

3 642 

3. H4f> 

-0 203 

-6 28 

100 0... 

2.131 

2 469 

-0 328 

•-13 34 

OS. 6. . 

Z923 
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-f-3.02 
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2 330 
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+. 013 
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2 460 
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- 016 
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• Kvpres.<»ed as iieroentage of ad libitum feed consumption 

>> Calculated by moans of the equation, y* 6.97497--T.ttlliO&'-o oosssms*^ in which the total gain pos¬ 
sible, and x»the level of feed intake. 

«Calculated by means of the equation, y*2.77607—4.034J29e"0 in which y and x have the sam% 

significance as in the preceding footnote. 

^ This value of B is obviously out of line with the other values of B and, hence, was not u.sed in fitting the 
equation, y»a-6e~**, to the data for the females. 

• When this value is omitted (for the reason stated in footnote the coefficient of deviation becomes 
±1.12 percent. 

/ As stated in footnote.when the first value in this column is omitted, the coefficient of deviation is 
reduced from 6.74 to 1.12 percent. 


SIGNIFICANCE OF PARAMETERS OF EQUATION OF CURVE OF DIMINISHING INCRE¬ 
MENT WHEN APPLIED TO DAffA ON PEED CONSUMJ^IOhL AND LIVE WEIGHT 

Jbll tmd Titus (S), in their earlier study ollthe growth of cliickens. 
in relation to feed consumption, were led to ^e conclusion that‘the 
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parameters A and B (M and A, respectively, in their paper) could be 
considered only as empirical constants. In the present study a much 
more extensive set of data was obtained, and in the interval between 
the two investigations a very satisfactory and suitable method oi 
fitting the equation was developed. 

A comparison of the observed and calculated live weights showed 
that the average initial live weights, i.e., the average live weights 
before any feed was consumed, were reproduced with a high degree 
of precision by the equation of the curve of diminishing increment. 
Furthermore, this comparison showed that, on the whole, the observed 
and calculated average live weights agreed extremely well throughout 
the growth intervals studied, especially in those pens in wliich the 
feed consumption was controlled and in which the level of feed intake 
was more than 50 percent of the ad libitum level. These considera¬ 
tions lead the writers to the following conclusions regarding the sig¬ 
nificance of the three parameters of the equation of the curve of dimin¬ 
ishing increment. 

(1) A represents the maximum average live weiglit attainable on a 
given level of feed intake, provided that that level is maintained and 
that no appreciable fattening occurs. In the case of chickens allowed 
to eat all they want of an adequate diet, A represents the maximum 
average live weight attainable, provided no appreciable fattening 
occurs. 

(2) represents the difference between the maximum average live 
weight, A, and the average initial live weight: that is, it is numer¬ 
ically equivalent to the average total gain which can be made, if no 
appreciable fattening occure. 

(3) R, the Spillman ratio, is the inverse ratio of the gains in live 
weight resulting from any two successive units t)f feed consumed. 

Since the first derivative of the equation of the curve of diminishing 
increment may be written 


or 


dW/dF-^kBt-^" 

dW/dF^kBR^ 


( 6 ) 

( 6 ') 


it foUows that kB is equal to t^ maximum efficiency of the feed in 
producing gains in live weight, if this efficiency is defined as the ratio 
of the gain in live weight to the qu^tity of feed required to produce 
the gain. The efficiency of successive units of feed decreases in geo¬ 
metrical progression and the magnitude of the decrease is detemuned 
by the Spillman ratio, R (or e'*). 

In regard to its significance, kB should not be confused with kA, 
•which the writers proposed in an earlier paper (2) as a measure of feed 
efficiency. The former represents the maximum efficiency which a 
feed may actually h"hve and the latter represents the maximum effi¬ 
ciency which it would have if the animal to which it is fed had an inital 
live we^ht of zero. The value of kA is dependent on the maximum 
live weight attainable by the animal, whereas the value of kB is de¬ 
pendent on both timqpaximum and initial live weights, since 


B 




(wi being the initial live weight). 
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The values of the maximum efficiency of the feed (kB) are given in 
table 3 for each of the 14 pens. Although there appears to be a slight 
tendency for the maximum efficiency to increase at first and then to 
decrease as the level of feed intake is decreased, there is a marked 
agreement among the values. If the values for the two pens on the 
lowest absolute level of feed intake are eliminated, the weighted mean 
value of kB is 0.350 ±0.001 and the range is from 0.331 to 0.359. 

The various numerical values of A, 5, and B in the equation of the 
curve of diminishing increment and the parameters of the equations 
which are given for expressing the relationship between (1) JR (the 
Spillman ratio) and the level of feed intake and (2) B (the total gain 
possible) and the level of feed intake hold only for tlie particular diet 
fed and for the particular crossbreed of chicken used. However, it is 
reasonably certain that, with suitable values for the parameters, the 
several equations used in this study will hold for any adequate diet 
and for any breed of chickens. 

EFFECT OF SEX ON UTILIZATION OF FEED 

If, for corresponding absolute levels of feed intake, one compares 
the numerical values of the Spillman ratio for the two sexes, he finds 
that for the first three of the levels less than the ad libitum level the 
values of B are peater for the males than they are for the females, 
but on the two lowest absolute levels the opposite is true. If it is 
assumed that the product kB is constant regardless of sex or level of 
feed intake (and the values of this product given in table 3 seem to 
indicate that this may be the case), one is led to the conclusion that 
on the higher absolute levels of feed intake the males of this cross¬ 
breed are more efficient in the utilization of feed than the females, 
but on the lower levels the latter are the more efficient. 

Even if one does not make this assumption regarding the constancy 
of the product kB, tlie conclusion still appears to hold for the following 
reasons: 

(1) The efficiency of the feed is given by the equation 


Efficiency ^dW/dF^/^BB^; 


(2) The Spillman ratio, B, decreases at a greater rate than does 
the product kB after the latter’s apparent maximum is reached; 

(3) The values of the Spillman ratio on the higher levels of feed 
intake are greater for the males than for the females; and 

(4) On the two lowest levels the opposite of the preceding statement 
is true. 

If, instead of comparing the efficienev of the males and females on 
the basis of the absolute levels of feed intake, one makes the com¬ 
parison on the basis of the relative levels of feed intake, it is found 
that the males are the more efficient for all the relative levels studied. 

SUMMARY AND CONCLUSIONS 

Extensive and critical data were obtained on the relationship 
between feed consumption and live weight case of crossbred 

chicTkens (Rhode Island Red males mated to Barred Plymouth Roct* 
females). • Seven pens of males and seven p^s of females were •fed 
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at different levels of fee^ intake, including the ad libitum and six 
lower levels,, for a period of 52 weeks. The weight of feed consumed 
per chicken per week and the average live weight of the chickens at 
the end of each week were obtained. 

By means of a suitable method, the equation of the curve of dimin¬ 
ishing increment was fitted to the data recorded for each of the 14 
pens of chickens. It was found that the average live weights com¬ 
puted by means of this equation agreed very closely with the observed 
average live weights. It was also found that a rational meaning 
could be assigned to the three parameters of this equation. 

It was possible to describe accurately, by means of a simple equa¬ 
tion, the relationship between the level of feed intake and the Spillman 
ratio. It is recommended that in comparative feeding experiments 
all the groups be fed at a level of feed intake equal to 70 percent of an 
approximation of the idealized ad libitum feed consumption. At this 
level the value of the Spillman ratio is nearly as large as it is at the 
ad libitum level. Under these conditions the several groups would 
eat the same quantity of feed, unless it were unpalatable, and the 
feed consumption would follow a definite course. The latter point 
is of importance since uniformly regular growth can take jilace only 
when the feed consumption follows a uniformly regular course. 

The following conclusions are drawn: 

The equation of the curve of diminishing increment, W—A — BR^, 
describes with a high degree of accuracy the relationship between 
feed consumption and live weight over a wide range of levels of feed 
intake. 

A in the above equation represents the maximum live weight 
attainable on a given level of feed intake, provided this level is main¬ 
tained and no appreciable fattening occurs. 

B in the above equation represents the maximum gain possible 
under the conditions just stated. 

R, the Spillman ratio, is the inverse ratio of the gains in live weight 
resulting from an^ two successive units of feed consumed. 

The relationship between level of feed intake and the numerical 
value of R is expressible, over the range of levels studied, by the 
equation, 

In —^=k{x—h), in which 
a-y . 

y = the Spillman ratio, a:=the relative level of feed intake, and a, k, 
and b are constants. 

The relationship between level of feed intake and the numerical 
value of B is expressible, for the range of levels studied, with a fair 
ijegree of accuracy by the equation 

. y — a — be~**, in which 

y=B, the total gain possible; r=the relative level of feed intake, and 
a, b, and k are constants. 

On the higher absolute levels of feed intake the males of the cross¬ 
breed studied are imjjw efficient than the females in their utilizatiion 
f fit feed for growth, whelms on the very low absolute levels the opposite 
is tsue. 
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COMPARISON OF THE PULLORIN AND THE RAPID 
WHOLE-BLOOD AGGLUTINATION TESTS FOR PULLO- 
RUM DISEASE ^ 

By Hubert Bunyea * 

Veterinarian^ Pathological fHvinion^ Hvreau of Animal Industry, United States 
Department of Agriculture 

INTRODUCTION 

The control of pulloriim disease is based on the diagnosis of the 
carrier fowl and its elimination from breeding. Various tests are at 
y^resent in use in different parts of the country for diagnosing the 
pullorum-disease carrier. The ‘4ong^^ or ^Hube^' agglutination test 
has been in use since 1913 and has been developed to a considerable 
degree of refinement. The principal objections to it are its slowness 
and the comparatively great expense and labor involved in its applica¬ 
tion. To meet these objections more simple methods have since been 
devised. Some of these retain the principle of serum-antigen aggluti¬ 
nation, but one is based upon the allergic reaction of living tissue. 
This last is known as ‘^the pullorin test’^ or ^^the intradermie test” for 
pullorum disease. The name pullorin” refers to the reagent 
employed. 

However, in the 17 years in which it has be»en known, the pullorin 
test has not been widely accepted by poultry-disease diagnosticians, 
many of whom have been skeptical as to its accuracy. The experi¬ 
ments recorded in this paper were conducted with a view to ascer¬ 
taining more fully the relative diagnostic value of the pullorin test 
as compared with the rapid whole-blood agglutination test ^ for 
pullorum disease. The latter test involves the use of a stained 
antigen. The rapid whole-blood agglutination test was selected fcr 
the comj>arisons because it had the advantages claimed for the pu!- 
lorin test with regard to simplicity and economy. The experiments 
also included some corroborative tests by the tube agglutination 
method. 

HISTORICAL REVIEW 

Ward and Gallagher * in 1917 first reported the development of an 
intradermie test for pullorum disease. These workers prepared fin 
allergic reagent by inoculating broth* with cultures of Salmonella 
pullornm, incubating at 37"^ C. for 1 month, holding the broth in an 
ice box for about 6 months, then passing it through a Berkefeld filter, 
and finally preserving it with 0.5-percent phenol. This product was 

> Received for publication Mar. 30,1934; issued July 1^4. 

* The writer expresses his indebtedness to J. M. Kosell, professeur de bactenolopie a I’KiJolede Medicine 
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tenng and interpreting this test in the flock in which it was used; to Oeorec w. Stiles, in charge of the 
l^S. Department of Agriculture branch pathological laboratory at Denver, Colo., for preparing pullorin S, 
and to W. J. Hall, assistant veterinarian in charge of the Department’s branch pathological laboratory, 
BeltsvUle, Md., for his valuable assistance in conducting the agglutination tost on the flock in which pui- 
lorlns H and 8 were used. 
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« Ward, A. K , and (Ullagber, B. a. an intradermal test for bacterium pullorum infection 
IN FOWLS. r.S. Dept. Agr. Bull. 517, Ifi^p. 1917. 


Jornrtml of Agricultural Research, 
Washington, D.C. 


i837> 


Vol. 48, no. 0 
May 1, 1934 
Kev no. 



Journal of Agrimttural Sesearflh 


Vol. 48, no. 9 


'838( 


injected intradermically into one of the wattles of the fowl to be tested. 
After 24 houirs the injected wattles of infected fowls were swollen, and 
those of uninfected fowls were not swollen. The swelling of the wat¬ 
tles of reactors increased noticeably in the next 24 hours. 

These authors later modified their product growing the organism 
in broth for 1 month at 37.5° C., and killing it by heating at 60° for 
1 hour in a water bath. They then carbolized it to 0.5 percent. This 
product was employed without filtration. 

The formula thus developed has been largely the basis of most of 
the commercial and experimental pulloiins since used. PuUorins of 
the type of that first described are usually referred to as noncellular, 
or cell-free pullorins, whereas those of the second type are known as 
cellular pullorins. 

A number of contemporary workers have investigated the possibili¬ 
ties of the diagnosis of pullorum disease by means of an alleigic test. 
Rettger and Plastridge® state: “The beliefs expressed at the 1930 
Poultry Congress in London were, with one exception, distinctly 
unfavorable to the pullorin test.” A translation of Rosell's * com¬ 
ments on the comparative results between the pullorin test and the 
stained-antigen, rapid whole-blood test is as follows: 

In a comparative test of the efficiency of this method witli those employing 
different kinds of pullorin, one of which was of the soluhJe type which I prepared 
by a new method, the results achieved in collaboration with Drs. Hall and 
Bunyea were favorable to the whole-blood method which possessed the advantage 
of requiring only one visit to the poultry plant. This method assuredly provides 
the more practical means of combating" pullorum disease. 

EXPERIMENTAL PROCEDURE 

The experiments comprised field trials of the pullorin test in com¬ 
parison with the s£ained-antigen, rapid whole-blood agglutination 
tost ^ applied to previously untested poultry flocks in the vicinity of 
Washington, D.C. The plan of this investigation included the use 
of several commercial brands of pullorin and one or more pullorins 
prepared by research workers. Arrangements were accordingly made 
with four nearby flock owners for ^e application of the comparative 
tests, which were to be conducted simultaneously. However, neither 
test was to be set up as the standard by which to judge the merits or 
defects of the other. The value of a diagnostic test consists in its 
ability to detect the presence of the elements or processes of disease. 
Therefore, the criterion proposed in these experiments was that of 
the laboratory demonstration of Salmonella pullorum in the carcasses 
of reacting fowls selected from the four flocks tested. 

In the case of fowls slaughtered from the last three flocks, a tube 
test was included at autopsy, as having some corroborative value 
with reference to the rapid whole-blood agglutination test findings. 

Five different pullorins were used, two of which were noncellular 
and three cellular. The two experimental pullorins, R and S, were 
prepared, respectively, by J. M. Rosell ^ and George W. Stiles. 
Kosell gives the following information® concerning his method of 
preparation of the cell^free pullorin: 

4 Kattokr, L. F., and W. H. puuoruk dibeass of domestic fowl, a monograph. 

,Oonn. (Storrs) Act. fixpt. Sta. Bull 178, pp. [I09j-ltf2 Ulus. 1932. ' , 

« BOSELL, J. M. PEOOEAs KT NFRMES sue 0U£U)UES points D'ACTUAUTft EN PATQOLOGIE ANIMALS. 
Bev/nist. Agr. Oka 7 (3): lOO-lOtf 1933. 

7 |i||ifrSR, M., MacDona^, a. D., Hall, W. J., and Bunyea, H. See footnote 3. 

«liSI«LL,3.M. ^footnote?. 
i BQiELL, J. M. Informal communication. 
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Five strains of Salmonella pallorum (B.A.I. strains 10, 11, 14, 17, and 20) \^cre 
used in preparing the pullorin. Each strain was grown separately in flasks 
containing 20 cc of glucose-peptone broth adjusted to a reaction of pH 7.2. 
The flasks were incubated for 10 days at 87® C. At the end of this period suffi¬ 
cient sterile sodium liydroxide was added so that the broth gave a clear alkaline 
reaction, by using phenolphthalein as an indicator. It was again incubated for 
8 days at 37® or 40® C. in order to obtain a better autolysis of the cells. 

After the 8-day incubation period, the culture were frozen for many hours by 
the use of dry ice, and then melted at 45® C. This procedure of freezing and 
melting was rci)eated twice in order that a more complete autolysis be obtained. 
Microscopically, smears revealed that most of the cells were autolysed. 

After purity tests were made the different culture autolysates were mixed 
and centrifuged in large centrifugal tubes. The supernatant fluid was removed 
by decantation. To the reunited sediments 20 cc of 0.75-percent sterile potas¬ 
sium hydroxide was added, and this was then shaken and heated at 50® C. 
until a gelatinous fluid was obtained. This fluid was then centrifuged and the 
supernatant fluid was added to the supernatant fluid obtained from the first 
centrifugation. This liquid was adjusted to a pH of 7.2 by adding N/10 hydro¬ 
chloric acid. 

To obtain a more concentrated pullorin the liquid was submitted to a process 
of evaporation without heating it over 48® C. The liquid was placed in a shallow 
porcelain pan which was maintained in a water bath of 48® C. for 5 hours. Duriiig 
this time air was allowed to pass througli the liquid by means of small glass pipes, 
and the air currents from an electric fan passed over the surface of the liquid. 
By this means 1,()()() cc of the fluid was evaporated to 666 cc. 

Sufficient carbolic acid was then added to the product so that it would contain 
0.3 percent of this preservative. It was then filtered through a Mandler candle 
and transferred aseptically into 20-cc sterile rubber-stoppered vials. 

The pullorin supplied by Dr. Stiles was prepared by him essentially 
after the modified Ward and Gallagher formula, as follows: Five or 
six flasks of broth were inoculated with separate strains of Salmonella 
mUorntrij incubated for at least 1 month, heated at 60° C. for 2 
hours, carbolized, and tested for sterility. They were mixed before 
use. 

No information is available as to the methods used in the manu¬ 
facture of the several commercial pullorins. 

The method employed in determining the presence of Salmonella 
vullornm infection in the slaughtered birds was the same as that used 
ny Bimyea and Hall,^^ namely, the aseptic removal and crushing of 
the entire ovary or testicle, which was then placed in a culture flask 
of beef infusion broth containing brilliant-green dye in the propor¬ 
tion of 1 to 60,000. Individual colonies of S, pvllorum were recovered 
from subcultures made from the brilliant-green broth cultures onto 
plain agar. The organisms were idenlified in each instance in the 
manner described by Bunyea and Hall. 

RESULTS OBTAINED 

Table 1 shows the percentage of agreements and disagreements 
between the reactions (1) to the various pullorins used intradermi-. 
cally in the pullorin test and (2) to results obtained with the rapid 
whole-blood agglutination test. 

JO Bunyea, H., and Hall, \V, J. the relation of agglutination reaction to salmonella pul- 

LOIIUM INFECTION IN HENS. AND OJLSERVATIONS OX THE DIAGNOSTIC EFFICIENCY OF TEST MKTHOD.S. JOUF 
Anier. Vet. Mea. Assoc, (n s. 33; so. 49l-4Urt, 1932 
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Table 1. —Percentages of agreements and disagreements between results of the pullorin 
^ ' teat and the rapid whole-blood agglutination test 


\ 

Pullorin used 


Agreements ^ 

Disagreements ^ 

Source and designation 

Type 

Birds 

tested 

PUllo- 

rin 

agglutina* 
tion + 

Pullo¬ 

rin 

agglutina¬ 
tion - 

Pullo¬ 
rin +, 
agglutina¬ 
tion - 

Pullo¬ 

rin 

agglutina¬ 
tion 4- 

Exiierimental: 


Number 

Percent 

Percent 

Percent 

Percent 

R... 

Non(»llular__ 

218 

18.4 

49.5 

5.6 

26 6 

8... 

Commercial. 

Cellular. 

107 

23 4 

44 9 

12.0 

19 7 

l._.. 

-..do_.. 

224 

1.3 

66.5 

3 6 

28 6 

2... 

Noncelltilar.. 

182 

17.0 

52.2 

14 8 

16 0 

3.. . 

Cellular__ 

129 

2.3 

71 3 

6 2 

20 2 

Total or average. 


860 

11.8 

57 2 

7 9 

23 0 


+ indicates a fKisitive reaction; —, a negative reaction. 


From table 1 it may be observed that the total average ag:reoment 
in both positive and negative cases is 69 percent, whereas the total 
average disagreements aggregate 31 percent. Marked fluctuations 
for the various pullorins are plainly evident. 

Tables 2 to 4 show comparisons of the results obtained from the 
pullorin tests, and the rapid whole-blood agglutination tests, based 
on their agreement or disagreement with bacteriological findings. 
Tables 3 and 4 include results obtained from the tube agglutination 
test, used post mortem. 


Table 2. —Comparison of resuUs obtained from pullorins R and S and the rapid 
whole-blood agglutination iest^ based on their agreement or disagreement urith bac¬ 
teriological findings 


Fowl 

Reaction of bird to— 

Post-mortem findings 

Agreement (4) or 
disagreement (—) 
between bacterio 
logiml findings 
and-' 

no 

Pullorin R Pullorin H 

Rapid whole- 
blood aggluti¬ 
nation test 

• 

Typical lesions 
• noted 

Salmonella 
pul lor um 
isolated 

Rapid 

glutina- 
tion test 

;i0 

Negative. 

Positive. 

'No. 

Yes. 

— 

414 

_do. 

Negative. 

No. - 

No.. 

4- + 

13 

Positive.. 

.do. 

Yes.... 

Yes. 

^— 

70 

_do.. . 

. -do. 

No. 

No. 

4- 

287 

do.-. 

--do. 

No. 

No. 

4- 

172 

. - do __ - __ 


No. 


- 4- 

422 

— do.. 

- .-do,. 

No-. 

No-. -- 

4- 

74 

Negative. 

.do. 

Yes. 

Yes . .. 

- -}- 

10 

.do. .. 

.do. 

Yea. 

Yes. -- 

4” 

fK) 

_ .„do. 

.do. 

Yes.. , 

Yes- . - 

“ 4- 

148 

..Pdsitive_ - 

_do . 

Suspicious - - 

No. 

- 4 

101 

.- . .-do - - 

do. 

.do-- 

No. 

4- 

191 

.do. 

.do. 

No. 

No. 

-f 

i;i5 

.— do . 

.. ..do . 

Suspicious- 

No-. 

4- 

230 

.Negative.. . . 

Positive. 

Yes. 

Yes. 

4- 
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Table 3. —Comparison of results obtained from commercial pullorins no. no. 
and no. 5, and the rapid whole^-hlood ana tube agglutination tests^ based on theix 
agreement or disagreement with bacteriological findings 

PTILLORIN NO. 1 


Fowl 

no. 

Reaction of bird to— 


Post-mortem findings 


Agreement (4-) 
or disagreement 
(“■) between 
bacteriological 
findings and— 

. 

Pullorin 

Rapid 
whole- 
blood ag¬ 
glutination 
test 

Tub** agglutination test with blinid- 
seruin dilutions of - 

Typical 

Salmon¬ 

ella 

Pullo- 

Rapid 

whole- 

blooil 


test 

1-25 

1 50 

1.100 

lesions 

notoil 

pvUorum 

isolated 

rin test 

aggluti¬ 

nation 

test 

95 

76 

83 

461 

107 

r>7 

26 

140 

82 

Negative.. 
do - - 

.. do. 

..do 

Positive. 
Negative,- 

do _ 

-- do 
do... , 

Positive... 
.do, . 
do 

do .. 

Negative 
Positive - 

. .do._ .. 

do .... 
.do ... 

Positivc.. 
.. do... . 

- do_ 

- do ... 
Partial.. 
Positive 
Slight. 
Positive . 
..do 

P 

Positive... 

--do_ 

. do. 

..do. 

Partial_ 

Positive. 
Partial . 
Positive.- 

.. do..,. 

___ 

ULLOKIN 

Positive 

-.do _ 

..do ... 
do .... 

Partial ... 
Positive 
.do . - 
Partial . . 
Positive.-- 

NO. 2 

No-.-- 
No.. . 
No.. . 
Yes 
No... 
No .. 
No.. 
No. 

No ... 

Yes ... 
No. ... 
No .... 

Yes_ 

No . . 

No. 

V'es .. . 
No 

Yes.. -1 

4- 

+ 

4- 

4- 

4- 

+ 

2760 

Positive . 

Positive.. 

Positive . 

Positive. -- 

Partial.... 

No . 

; No . 



2766 

Negative. _l 

1.. do . ; 

...do . 

Negative.- 

Negative.. 

No ...! 

' No. . . 

4- 

— 

6308 

Positive . 

do-... I 

...do 

..do - ... 

...do -- 

No _ ' 

Yes.. .. 

4- 

4- 

9182 

do. . 

.. do. , 1 

1 -do - . 

Positive .1 

Positive... 

Ves....i 

Yes.... 

4- ! 

4- 

6332 

Negative , 

do._ 1 

i do. 

do- 

Negative..! 

No. ...| 

1 Yes . 1 

1 “■ 

4- 

2756 

Positive . I 

! ..do .. I 

...do 

i ..do. . . . 

Positive. 

No... .! 

1 No .1 

— 

— 

2747 

Negative .| 

do._. 

-,(io .1 

.do _ 

..do... . 

No .... 

1 Yes... . 

— 

4- 

2730 

Positive.. 1 

. .do, , 1 

-.do. - ! 

-do. .. 

Negative . 

Yes.... 

Yes.. 


4- 

6338 

Negative .. 

.do... ! 

. do. . ,. 

-do. - . 

Positive ,. 

Yes _ 

1 Yes 


4- 

6376 

Positive... 1 

. .do. -,. * 

.. do - - - 

do . . - 

-do 

Yes - , 

! Yes. 

+ 

4- 

2759 

Negative. . 

..do . . 

. do--- 

do. . - . 

Slight 

No ... 

1 No .. .. 

! + 


6386 

Positive.. 

...do . 

...do- . - 

..do - 

Positive - 

Ycs- 

l 

1 Yes 

4- 

4- 


PI LLORKN NO 3 


170 

Negative 

. 

Positive.. 

Positive.. 

Positive.. 

F*artial . . 

Yes ... 

Yes_ 

123 

- do. 

..do ... . 

-- do. 

-.do — 

Positive.. 

No. ... 

No. 

164 

-- do. 

- do. 

.. do ... 

.. do. _ 

..do.. 

Yes.... 

(Yes .... 

177 

- -do. 

- do - 

-. do. - -. 

do_ 

..do. .. 

Yes .. 

Yes.. . 

175 

..do. 

-do _ 

-- do__ 

-- do_ 

Partial. . 

Yes.. . 

Yes.... 

966 

do _ 

do. . - 

do.. - 

-- do_ 

...do. 

Suspi¬ 

cious 

Yes_ 



903 

,,do -- 

.-do, .. . 

._.do 

Partial-. - 

I^ttsitive 

. -do_ 

Yes_ 

181 

...do... 

--.do.-- . 

-- do.- 

Positive... 

...do_ 

Yes - 

Yes... . 

967 1 

-- do.. 

...do. , . 

. -do. 

...do... . 

...do 

Yes ...1 

i Yes,. - 

159 i 

do... 

do. 

...do. 

--do_ 

-- do. . 

Yes--.' 

Yes . . 

982 j 

..do... 

.. do. 

-- -do- 

— .do_ 

.. do- 

No ---1 

1 Yes. 

149 1 

__ do___ 

._^do__ 

_do.__ 

. _do_ 

Partial_ 

1 No. 

i Y'es_ 

169« 

Positive., - 

Negatlve. 



1 No. 

' No. 

124 

-- do_ 

..do_' 

Negative.- 

Negative.. 

Negative . 

; No. 

No_ 

171 

--do. 

--.do. 

do_ 

-.do.-. . 

.—do. ... 

No . - 

No. 

156 

-do. 

.. .do — 

-—do__ 

1 

...do.-- 

..do . - 

No. 

; No .... 


1 

1 

1 

I 

I 


• This bird was found dead; consequently no tulw agglutination test was made. 



’h 

+ 

4- 

4 ' 

4 


4- 

4- 

4- 

4- 

-f" 

4- 

4 " 

4 - 

•f 
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Table 4 - ~ Summary of agreementn between the diagnoshc test reactions, hacterio^ 
logical findings, and results of the tuht agglutination test used post mortem 


Pullorin used 

i 

Fowls ex¬ 
amined 

i 

Agreement between j 
pullorin test and , 

Agreement between 
rapid whole-blood 
agglutination test 

and— 

post 

mortem 

Bacterio- 

lojdcal 

findings 

Tube ag¬ 
glutina¬ 
tion test 

Bacterio¬ 

logical 

findings 

Tube ag¬ 
glutina¬ 
tion test 

Experimental 

Number 

Percent 

Percent 

Percent 

Percent 

R 

S ' 

Commercial 

10 

.•) 

20 0 

0 0 


90 0 j 
100 0 

“ 

1 

0 

45 5 

0 0 

55 5 

100 0 

2 

12 

1 58 3 

58 3 

66 7 

83 1 

3 - 

16 

6 3 

0 

93 8 

100 0 

Total or a^erajj^e . . 

52 

26 0 

19 4 

1 

1_ __ ! 

94 4 


DISCUSSION 

The significant results in tables 2 and 3 and summarized in table 4 
are the percentages of agreement between the various tests and the 
bacteriological findings. 

In tables 2 and 3, particular interest centers on the results with 
commercial pullorum no. 1. The birds used were chiefly pullets. 
Eight of the nine cases examined post mortem showed no macroscopic 
lesions of pullorum disease, and Salmonella pullorum was isolated 
from only 4 of the 9 birds. With young fowls it is more difficult to 
harmonize the serological and bacteriological results than with more 
mature ones. The corroborative evidence of the tube test in this 
group gives support to the inference that pullorum infection, though 
undiscovered in some birds, probably lurked in their bodies. 

As already noted, macroscopic lesions of pullorum disease in re¬ 
actors are sometimes lacking, particularly in young fowls, even when 
the infection may be demonstrable by bacteriological procedure. 
Therefore a diagnosis eliminating pullorum disease on the basis of 
no lesions cannot be made with assurance. 

In table 4 there is seen to be excellent average agreement, 94.4 
percent, between the rapid whole-blbod agglutination test and the 
tube test, thus supporting the reliability of the rapid test. There is 
also good agreement, 81.2 percent, between the rapid whole-blood 
agglutination test and the bacteriological findings. The results 
obtained by the pullorin test show a much lower i)ercentage of agree¬ 
ment with the bacteriological findings and the tube agglutination 
test. The evidence thus obtained indicates that the rapid whole- 
blood test is a more reliable diagnostic agent for piillorum disease 
than the pullorin ,test. 

SUMMARY AND CONCLUSIONS 

Each of four commercial poultry flocks was tested for pullorum dis¬ 
ease by the stained-antigen, rapid whole-blood agglutination test and 
the pullorin test. In addition, the tube agglutination test was used 
post mortem on the serum of birds from tliree of the flocks, ar a 
check on the reliability of the rapid whole-blood method. Specimen 
bir48 were obtained from these flocks, examined post mortem, studied 
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bacteriologically, and the findings compared with the test findings. 
In every group the agreement between the rapid whole-blood aggluti*- 
nation test and the bacteriological findings was more favorable than 
that between the pullorin test and the bacteriological findings. The 
results of the tuoe agglutination method, which is of recognized 
dependability, supports the reliability of the rapid whole-blood 
agglutination test. 

Although the experiments here recorded are of limited scope, the 
evidence obtained is in accord with the views expressed by other 
workers, that the pullorin test is not so satisfactory a means of 
diagnosing pullorum disease as the rapid whole-blood agglutination 
test. 




THE DISTRIBUTION AND CONDITION OF NITROGEN 
IN THREE HORIZONS OP A DIFFERENTIALLY PERTIL- 
IZED HAGERSTOWN CLAY LOAM SOIL PLANTED TO 
APPLE TREES IN METAL CYLINDERS' 

By Walter Thomas 

Professor of phytochemistry^ Pennsylvania Agricultural Experiment Htation 

INTRODUCTION 

In a recent pap)er {15) ^ the writer reported the utilization and 
recovery of nitrogen, phosphorus, and potassium by apple trees grown 
in metal cylinders for a period of 6 years. These trees received (each 
spring) during the last 3 years of growth different combinations of the 
pure salts sodium nitrate, monocalcium phosphate, and potassium 
sulphate. It was shown tljat the ratio in which nitrogen (as N), 
phosphorus (as P 2 O 5 ), and potassium (as K 2 O) were absorbed from the 
added salts (NaNOa, CaH 4 (P 04 ) 2 , and K 2 SO 4 ) by those trees optimum 
with respect to growth and reproduction, that is, the trees receiving 
the NPK and NP treatments, was 3 : 0 . 3 : 1.5 as compared with a 
3:8:4 ratio actually applied. This latter ratio was based on the 
current orchard practi(u\ The great divergence between these 
ratios indicated the need for information as to the condition of the 
added nitrogen, phosphorus, and potassium in the soil in order to 
determine the extent to which these ‘Hheoreticar^ quantities and 
ratios should be modified as a result of the changes produced by the 
interaction of the added salts with the soil. The present investigation 
reports the status of the nitrogen in the three soil horizons in the 
(‘ylindei*s from which the trees referred to above were removed. 

METHODS OF EXPERIMENTATION 

Inasmuch as the detailed plan of this experiment has been reported 
elsewhere (3, 16) a brief outline only is necessary. 

The soil, the analysis of which has been recorded (ff), was formed 
in place by tlu' weathering of limestone to the lower vSilurian forma¬ 
tions, and is of Trenton origin. The excavation was made on a strip 
of land 110 by 11 feet adjacent to the college experimental orchard. 
The history of this land indicates that,except for the droppings of 
cattle no dressings of fertilizer had eVer been applied. It may, 
therefore, be described as a virgin forest soil. The mechanical analy¬ 
sis {11) suggests that the surface soil consists of a heavy silt loam 
underlain by a clay loam which becomes heavier in texture as the 
depth increases. 

The soil w^as excavated from this strip by a scoop shovel. The 
layers from each of three horizons, viz, surface (0 to 7 inches), sub¬ 
surface (7 to 21 inches), and subsoil (21 to 53 inches), were kept 
separate and each w'^as thorouglily mixed and w^eighed. The total 

‘ Received for publication Nov. 4,193.3; issued July 1934. Technical Paper no. 613 of the Pennsylvania 
Agricultural Exiierimeut Station. Presented tiefore the Atnenoan Society for Horticultural Science at the 
Boston (1933-^4) meeting of the Americ.in Association for the Advancement of Science. 

* Reference is made by numtwr (italic) tc^Literature Cited, p. 656 ® 
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wMght of .the horizons was 54,180, 109,200, and 249,000 pounds, 
rrapectively. Inasmuch as there were 42 cylinders, an equal distribu¬ 
tion (by weight) of each layer amoi^ the cylinders would require the 
following quantities of soil to be added to each of the cylinders: Sub¬ 
soil, 5,930 pounds; subsurface soil, 2,600 pounds; and surface soil, 
1,290 pounds. This equal distribution was effected by ascertaining 
the weight of each of the respective horizons required to fill a steel 
wheelbarrow similar to those used in highway construction work. 
Such wheelbarrows were used in filling the cylinders. Following the 
addition of each wheelbarrow load, uniformity in density of the soil 
was secured by means of heavy wooden mallets fitted with 3-mch cast- 
iron pipe handles 5 feet in length. The process of filling the cylinders 
was completed in the spring of 1920. Unifonnity with respect to the 
nitrogen, phosphorus, and potassium content of the soil in the 
cylinders at this stage was established by analysis. The mean of 30 
determinations for total nitrogen in the original soil is given in the 
first line of table 1. Any departure from these values greater than 
the eiTor of analysis (± 0.0001 percent) must be attributed to causes 
resulting from differences in treatment. 

The trees were planted in the spring of 1922. Up to the spring of 
1924 the system of culture was similar in all cylinders. Tliis con¬ 
sisted of green manuring with buckwheat and rye principally. In 
May 1924 half the cylinders were seeded with a mixture of Ken¬ 
tucky bluegrass, Poa praiensis L., and timothy, Phleum pratense L. 
These cylinders are designated “cylinders under sod.” In the 
remaining half of the cylinders a tillage system was adopted . These 
latter cylinders are designated “cylinders under cultivation.” A 
distinction must be noted with respect to the additions of nitrogen 
from 1925 until th§ end of the experiment in 1927. During these 
last 3 years of the experiment the cylinders under cultivation received 
15.9 grams more nitrogen than the cylinders under sod. The reason 
for this is that it was then considered necessary to add equal amounts 
of organic matter to all the cylinders under cultivation. This was 
accompUshed by growing rye outside the cylinders. For further 
details the paper by Anthony and* Clarke (3, p. 251) should he con¬ 
sulted. All trees wore allowed to grow without the addition of any 
mineral fertilizer until the spring of 1925, at which time differential 
treatment with different combinations of sodium nitrate, mono- 
calcium phosphate, and potassium sulphate was commenced. It is 
important to note that the conditions of this experiment preclude any 
erosion by water and practically none by wind. 

The sodium nitrate was added accordmg to the following schedule: 


Qrarm 


April 18, 1925_ 

May 3, 1926^.... 

June 7, 1926. 

June 20, 1926_ 

May 5, 1927_ 

May 18, 1927. 

June 10, 1927_ 

Total. 


906 

45 

453 

408 

337 

338 
337 


2, 824 . 


1 This total of 2,824 g of sodium nitrate is equivalent to 465.5 grims 
of elemental nitrogen! 
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During the period from September 20 to 28, 1927, the trees were 
dup up and soil samples representative of the three horizons were 
taken, by the method of successive quartering, from each of the 
cylinders from which the trees had been removed. These samples 
wore dried at Tf)® C. and then sieved through a 1-miUimeter sieve (4) 
and stored in glass jars in the dark. Analyses of the trees have 
already been reported {H)- 

Total nitrogen was determined by the Kjcidahl-Gunning method 
to include the nitrogen of nitrates, a 15-g charge being used for 
the surface soil and 30-g for the subsurface and subsoil (4). 
Nitric nitrogen was determined by the Devarda alloy method, a 
200-g charge being used (/). The analytical data in the tables 
are the means of closely agreeing triplicate determinations. The 
quantities of ammonia nitrogen and nitrous nitrogen in all horizons 
were insignificant. All calculations are made on a moisture-free 
basis. 

EXPERIMENTAL DATA 

Table 1 gives the percentage and absolute amounts of total nitrogen 
in each of the three soil horizons; that is, the 0 to 7 inch, the 7 to 21 
inch, and the 21 to .53 inch. 

Table \-Percentages and absolute amounts of total nitrogen in the respective 
horizons before the trees were planted and at the end of the experiment 


I'reatmeiU 


Soil before tree^ were plfinled 
Sod' 

(’’hetjk -- . 

PK „ .. 

NPK.- . 

NP .. 

NK .. 

N . . 

(cultivation, 

Check. 

PK . 

NPK.. 

NP_ .... .. 

NK. 

N. 


Total nitrogen 

Absolute amount total nitrogen 

Surface 

Subsur- 

Subsoil 

Surface 

Subsur- 

Subsoil 

1 

1 Total 

(0 7 

face (7-21 

(21-53 

(0-7 

face (7-21 

(21 -53 

j (0-53 

1 inchcH) 

inches) 

inches) 

inches) 

inches) 

inches) 

inche.s) 

1 Percent 

Percent 

Percent 

Grams 

Grams 

Grams 

Grams 

\ 0.08650 

0 05003 

0 03523 

506.1 

589. 7 

946 8 

2 ,042 6 

.0K2Jtt 

04000 

.m400 

477 9 

542 5 

914 5 

1.9:R9 

. 08200 

.04700 

mm 

479 8 

554 3 

941 4 

1,975 5 

.08200 

. 05100 

. 03900 

478.6 

613 2 

1,049 0 

2,140 8 

.08180 

05250 

03900 

478 6 

619 1 

1,049 0 

2,146.7 

{ 082(K) 

1 05500 

1 .04040 

1 47» K 

648 6 

t 1,08:10 

2,211 4 

1 .08200 

05200 

! 04(KK) j 

i » 

625 0 

1 1,075.9 

! 2,180 7 

.07110 

. 05100 

. 03445 

415 9 

I (SOI 5 

926.6 

1,941.0 

. 07485 

a5000 

.03571 

436.4 

590 4 

960 5 

1,987.3 

,07800 

06290 

, 04310 

456 4 

620 8 

1,146 6 

2, 22:3 8 

07900 

.05230 

. 04250 

462. 2 

614 4 

1.142.9 

2,219 5 

.07820 

.05500 

01350 

457 0 

648 8 

1.170 1 

2,276 5 

1 .07890 

1 

.05200 

.01200 

461 6 

620.2 

L 131.9 

2, 213 7 


Table 2 gives the percentage and absolute amounts of nitric 
nitrogen and of nonnitric nitrogen. The Jatter values were obtained 
by difference between the total nitrogen and the nitric nitrogen. 
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Table 2. —Percentage and absolute amounts of nitric and nonnitric nitrogen in 
ik£r^pe(UiikMorizombef4)r£ trees wem plaiUedemd4Uihe md43fiheexperi$ae$U 



Nitric nitrogen 

Absolute amount nitric nitrogen 

Treatment 

Surface 

Subsur- 

Subsoil 

Surface 

Subsur- 

Subsoil 

Total 


(07 

face (7-21 

(21-53 

(0-7 

face (7-21 

(2J-53 

(0-53 


inches) 

inches) 

inches) 

inches) 

Inches) 

inches) 

indies) 


Percent 

Percent 

Percent 

Qramtt 

Or arm 

Qrams 

Oramn 

Soil before trees were planted .. 

0 00170 

0 00063 

0.00023 

9.9 

6 3 

6.2 

22.4 

Sod. 








Check. 

.00069 

.00080 

.00060 

4 0 

9.4 

16.1 

29.5 

PK.... 

.00070 

.00100 

.00066 

4 1 

11.8 

17.7 

3 : 1.6 

NPK.. 

00220 

.00760 

.00450 

12.9 

89.6 

121.0 

223 5 

NP..._ .. -__ 

00200 

.00720 

.00500 

11.7 

84.9 

133 5 

230.1 

NK. 

.00290 

00900 

.00660 

16.9 

106.1 

147 0 

270 0 

N. 

.00240 

.00820 

.00550 

14.0 

96.7 

147.9 

258.6 

Cultivation 








Check..-.. 

.00110 

.00100 

.00065 

6.4 

11.8 

17.5 

:i5.7 

PK. 

.00085 

.00120 

00071 

3.5 

14.1 

J9.i 

36 7 

NPK.-_.... 

. 00210 

.00640 

.00410 

12.3 

72.4 

111 0 

195. 7 

NP.. 

.00200 

.00610 

00460 

11.7 

69.6 

V£i 5 

204.8 

NK. 

00270 

. 00690 

.00500 

15 8 

81 5 

158.7 

256 0 

N. 

00290 

00760 

.00500 

16.9 

89.5 

IM. 7 

243 1 


Nonnitric nitrogen 

Ab.soliite amount nonnitric nitrogen 

Treatment 

Surface 

Subsur* 

SuKsoil 

Surface 

Subsur* 

Suhvsoll 

Total 


(0-7 

face (7-21 

(21-5:1 

(0-7 

face (7-21 

(21-63 

(9 53 


inches) 

inches) 

intdies) 

inches) 

inches) 

inches) 

inches) 


Percent 

Percent 

Percent 

Ora ms 

Orame 

Grame 

Oravie 

Soil before trees were planted .. i 

0.0848 

0.0495 

0.0350 

496 2 

583 4 

940 6 

2,020 2 

Sod. 








Check. 

.0815 

.0452 

. 0:134 

473.9 

533 1 

898.4 

1,905 4 

PK. .. - .. 

0813 

.0460 

. 0343 

476.7 

542.5 

92:1 7 

1,941 9 

NPK.. . 

.0798 

.0444 

.0345 

468.9 

523.6 

928 U 

1,918. 5 

NP__ 

.0798 

.0453 

. 0340 

466 9 

5 : 14 .2 

915 5 

1,916.6 

NK.-. 

' . 0791 

.0460 

.0348 

462 9 

542 5 

936 0 

1,941 4 

N. 

0790 

0448 

0345 

466 8 

528.3 

928 0 

1,922 I 

Cultivation 








Check .... 

.0700 

.0500 

.0338 

409 5 

589 7 

909.1 

1,908 3 

PK. 

.0740 

0488 

.0360 

432.9 

576. 2 

941.4 

1,950 5 

NPK. 

. 0759 

0465 

.0:i90 

444.1 

648.4 

1,(W5.6 

2,028.1 

NP... 

0770 

.0462 

0379 

450 5 

544 8 

1,019 4 

2,014 7 

NK .1 

0765 

.0481 

.0376 

441 8 

5fi7 3 

1,011 4 

2,020 5 

N. 

.0700 

.0450 

.0370 

444 7 

530 7 

995 2 

1,970.0 


DISCUSSION OF DATA 

TOTAL NITROGEN 

The data in table 1 indicate that at the end of the experin.ent the 
total nitrogen content of the surface soil in all cylinders under sod 
was slightly greater than that in cylinders tuider cultivation, although, 
as has already been pointed out, the cylinders under cultivation had 
■received 15.9 OTams more ftitrogen than the corresponding cylinders 
under sod. The differences between the total nitrogen content of 
corresponding cyhnders under the tw'o systems in the respective 
horizons are shown in table 3. 

The data in table 3 do not take into account the nitrogen removed 
by the trees and, m sod, by the grass also. The disappearance of 
nitrogen (as total nitrogein) whm the amo.unts removed by the trees 
are taken into account is shown in table 4. This disappearance is 
called by some investigators “the apparent loss of nitrogen.” ' ' 
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Table 3. — Difference " {in gratm) between the arnounU of total nitrogen present in 
the S horizons of the 2 systems 


Horizon 

('heck 

PK 

x\PK 

j 

NP 1 

NK 

1 

N 

Surface (0 -7 inches) . .. I 

+62 0 

+43 4 

+23.4 ! 

+ 16.4 

+22.2 

+18.2 

Subsurface (7-21 inches)... I 

~59 0 

-36.1 

-7.6 

+4 7 ! 

0 

+ 4.8 

Subsoil (21-53 inches). 

-12 1 

-19.1 

-97 6 ! 

-93 9 i 

-87 1 

-5(). 0 

TotaMO-53 Inches).. .. 

-9.1 

-11 S 

1 

-8! 8 

1 -72 8 ; 

-64 9 

-33 0 


« The sign indicates the amount in grams by w hich the total nitrogen under sod is greater than (+; or 
less than (~) under cultivation. 


Table -Nitrogen disappearance {grams) caLculaied on the total nitrogen of the 
soil in the whole layer {0 to 5S inches) at the end of the experiment 


Sod 


Item 


(1) Amount N present in soil liefore ex|)eri- 

inent . . 

(2) Amount N added in NaNO.t 

gj+seeds (*=2 6 gi. 

(3) Amount N from (1) f-(2) .... 

(4) Amount N found. 

(5) Loss of N from soil. 

(ti) I'otal amount N absorbed by trees dur¬ 
ing grow th (tops and roots)... 

(7) Disapiiearanee of N by leaching and 
possibly as gaseous N during the (Pv 
years of the exiieriinent .. .. 


('heck 

PK 

NPK 

NP 

_ 

NK 

.. _ . 

2.042 6 

2,042 6 

2,042 6 

2, 042 6 

2.042 6 

2 5 
2,045 1 
‘ 1,934 9 
-110.2 

2 .5 
2,045 1 
1,975.5 

1 -69 6 1 

467. 5 
2,510 1 
2,142 0 
-368 1 

467. 5 
2,510 1 

2,146 7 
-363. 4 

467 5 
2,510,1 
2,211 4 
-298 7 

j 36.5 

1 

56.8 

201 4 

i 

190 4 

133 4 

; ! 

1 ; 

-12.8 

I -166.7 

1 

-173 0 

1 

1 “165 3 


N 


2,042 0 

467 5 
2,510 1 
2,180. 7 
-329 4 


124 3 
- 205.1 


Item 


(1) Amount N present in soil before eviwri- 

inent ... . 

(2) Amount N added m NaNOj (^4(15 0 

gl-fseedvs (*=2 5 g). 

(3) Amount N from (l)-f(2). 

(I) Amount N found . 

(6) Loss of N from soil. „ 

(0) Total amount N absorbed by trees dur¬ 
ing grow l b (to|js and roots)... ... 

(7) J)isapi>earance of N by leaching and 

iwissibly as gaseous N during the tHs 
years of the experiment. 


Cull! vat ion 


('heck 

1 PK 

1 NPK 


' NK 

j N 

2,042 6 

2,042 6 

1 2,042 6 

2.042 6 

1 

1 2.042 6 

2,042 6 

19 4 

2,062 0 1 
1,944 0 
-118 0 

19 4 
2,062.0 
1,987.3 
-74,7 

483 4 
2,526 0 
2 ,22:i 8 
-302 2 

483 4 
2,526 0 
2, 219 5 
-306 5 

i 483 4 

j 2,526 0 i 
2,276 5 

1 -249 5 

483 4 
2,526.0 
2,213 7 
-312 3 

53 5 

63 4 

IHO 9 

170 3 

' 131.8 

121.3 

-64.5 i 

1 

-iT 3 

1 1 

-121 3 

-136 2 1 

-117.7 

-191.0 


Considering the whole depth 0 to 53 inches, the losses from the 
nitrogen-treated cylinders are greater under sod than under cultiva¬ 
tion. The amounts by which the losses (in grams) under the former 
system exceed those under the latter are: NPK, 45.4; NP, 36.8; 
NK, 47.6; and N, 14.1 These differences appear to he relatixl to the 
accretion of nonnitric nitrogen in the subsoil of the cylinders under 
cultivation. The net result is a gain in nonnitric nitrogen when cal¬ 
culated on the whole depth (0 to 53 inches) in the treated cylinders 
under cultivation as compared with those under sod. This point is 
discussed later. ^ ♦ * 

Jdne 7 of table 4 gives the losses by leaching and possibly as gaseous 
nilrogen (i.e., the so-called “nitrogen balance^') for the whole soil* 
layer (0 t6 53 inches). The same data calculated for the surface 0 to 
7 inches and subsurface 0 to 21 inches only are shown in table 5, 
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• Table 5.-^Nitrogen balance (in grama) calculated to less than full depth 


■JL. 


Horizon 

Check 

PK 

NPK 

NP 

NK 

N 

0 to 7 inches. 







Under sod. 

+6.8 

+34.0 

-292.4 

-304 6 

-360.4 

-309. 6 

U nder culti vation . 

-66.1 

-26.7 

-362 2 

-367.0 

-400.1 

-406.6 

0 to 21 inches' 







Under sod ______ 

-41.4 

-7.4 

—268.9 

-276 2 

-301.6 

-334. 2 

Under cutli vation. 

-44.3 

-26.0 

-321.1 

-332.3 

-341.0 , 

-376 1 


The nitrogen balance is seen to vary with the depth of soil upon 
which the calculations are based. In the 0- to 7-inch layer, a nitrogen 
gain is indicated in the cylinders under sod to which no mineral ni¬ 
trogen was added. But if the calculations are based on the 0- to 21-inch 
layer or on the whole depth, 0- to 53-inch layer, losses of nitrogen are 
definitely established. The larger losses shown in the nitrated cylindei‘s 
in the 0- to 7-inch and 0- to 21-inch layers as compared with the 0- to 
53-inc.h layer appear to be only an expression of the fact that the 
quantity of nitrates (nitric nitrogen) becomes greater with depth. 

More information with respect to the status of the nitrogen is 
obtained by considering the nitric and nonnitric^ fra(‘tions of the total 
nitrogen separately. These are shown in table 2. 

NITRIC NITROGEN (NITRATES; 

Mobility of Added Nitric Nitrooex 

Table 2 shows that the nitric nitrogen (*al(*ulHted on a percentage 
basis, i.e., the concentration of nitrates, is greater in the subsurfac^e 
than in either of the other horizons. The absolute amount of nitric 
nitrogen, however, is*^ greater in the subsoil in all cases. The last 
application of NaNOg (1G7 grams nitrogen) was made in the spring of 
1927, 4)2 months before the trees were removed. J^resumably, there¬ 
fore, this increased concentration of nitric nitrogen in the subsurface 
is merely an expression of the movement of nitrogen as nitric nitrogen 
from this last application, and when taken in conjunction with the 
data for the nitric nitrogen in the dieck and PK (‘ylinders, suggests 
that the greater part of the last application was still in the 7- to 21-inch 

layer at the conclusion of the experiment. 

« 

Nitric Nitrogen Under Sod and Cultivation 

It will be recalled that each of the cylinders under cultivation re¬ 
ceived 15.9 grams more nitrogen in the form of rye cover crop than the 
cylinders imder sod. Now the C/oncentration of nitric nitrogen in the 
.whole depth (0 to 53 inches) of the check cylinder under cultivation is 
35.7 grains and that of the cylinder under sod is 29.5 grams as com¬ 
pared with 22.4 gra'ms in the ori^nal soil. However, in the cylinders 
which received niineral nitrogen in addition to that introduced by the 
^een mtmures (the NPK, NP, NK, and N cylinders) the concentra¬ 
tion of nitric nitrogen in the whole depth is much greater in all cases 
in the cylinders underdsod. This may be only aitother expression of 
the difference in the status of the soil nitrogen in the three horizons 
.under sod and cultivation previously referred to in the discussion bf 
the< disappearance of nitrogen (as total N) by leaching and possibly 
as gaaeous nitrogen. This will be brought out more clearly in the dis- 
(yiBsioa of the nnnnitHc nitrogen fraction. 
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An Inventory of Nitric Nitrogen 

A more complete picture of the status of the nitrates may be obtained 
from the inventory of nitric nitrogen shown in table 6, in which account 
lias been taken of the nitric nitrogen equivalent to that absorbed by 
the trees under the different treatments from the added NaNOs. 

Table 6 . —Inventory of nitric nitrogen {in grains) at end of experiment {0 to 5S 

inches) 





Sod 



Item 

Check 

PK 

NPK 

NP 

'nk ' 

■ 

N 

(1) NT luided to each cylinder in the form of 







NaNOa...- . . 

0 

0 

405. 5 

46.5 5 

46,5.5 

465 5 

(2) N absorbed by each tree during growth 







and also (in sod) by the grass . 

.5 

5C K 

201.4 

190.4 

13 : 3.4 

124 3 

(3) N absorlied by each tree from added 







NaNOi . . .. 

0 

0 

132.7 

132.4 

91.9 

83.6 

(4) Theoretical amount of N expected in 







soil.. -- 



332 8 

3 : 3 : 3 .1 

373 6 

381,9 

(5) N found. 

2U 5 

33 a 

223.5 

230 1 

270.0 

2.58 6 

i(\) Disa;)pearance of nitric N during the 







years of the experiment 

.. .. 


100 3 

10:3 0 

10.3.6 

123 3 




Cultivation 



Item 

I ('heck 

PK 

NPK 

NP 

! NK 

i___ 

1 

U) N addeil to each cylinder in the form of 

1 

j 



i 

1 

NaNOi. 

I ^ 

() 

465 5 

4a5 5 

1 465 5 

i 465 5 

(2) N absorbofI by e,aeh tree duriiig grow t h 





1 

1 

and also (in sod) by the grass 

! .W 5 

6:3 4 

1H0.9 

170 3 

131 8 

121.3 

(3) N absorbed by each tree from added 

1 




I 


NaNOi. 

i 

0 

117 5 

03 2 

j 78 3 

67.8 

(4) Theoretical amount of N expected in 





1 


soil. ... . - 

! 

. 

348 0 

372 3 

1 387 2 

, 397.7 

(5) N found . .. - . 

1 35 7 

37 0 

105,7 

204 K 

- 250 0 

! 243 1 

(ti) I)isapt>earance of nitric N during the 

I 

i 



i 


<1? 2 years of the experiment,. . 

i . - 

\ 

1.52 3 

167 5 

1 131 2 

j 154 6 

_ _ - __ _ _ 

_ _ —- 

1 


-- 

L _ _ 

— — - 


The nitric nitrogen absorbed by the trees (table b, line 3) was 
obtained in a manner similar to that described in an earlier paper 
(75, pp, 570-573), The values in line 3 represent the difference be¬ 
tween the amount of nitrogen absorbed by a tree which received 
additions of another element (or other elements) than nitrogen and a 
tree from w^hich nitrogen Avas omitted. The values so obtained may 
not be mathematically exact, inasmuch as the Wirkungswert (effect 
fach^r) of an element may not be the same in the presence of another 
factor or factors as wdieu that factor operates alone. Nevertheless^ 
there are numerous experiments that lend support to Mitscherlich's 
contention (7) that the Wirkungsivert of an element may be fairl;v^ 
constant, especially under the controlled conditions of such an expen- 
ment as the present one. The method is believed to be sufficiently 
accurate to bring out more clearly any characteristic differences in 
the status of the ^nitric nitrogen of the respective treatments and 
especially with respect to* differences between the two cultural sys¬ 
tems. The procedure adopted may be more readily imderstood from 
the following algebraical analysis: , 

Let a—amount of nitrogen present in the soil of each cylinder before the 
trees were planted. 
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I^et aniaunt of nitrogen added to each cylinder in rain and snowfall. 

I^et 3 /— amount of nitrogen added to each cylinder under cultivation in the 
form of organic matter (buckwheat and rye). 

Let the total amount of sodium nitrate added to each of the nitrated’^ 
cylinders. 

Now the nitrogen-treated trees have obtained the nitrogen absorbed 
by them from all of the foregoing sources, and the trees which did not 
receive mineral nitrogen (NaNOa) additions absorbed nitrogen from 
all of these sources except z. 

For greater simplicitv and clarity, lot us first of all consider the 
absorption of nitrogen from only two of the trees on which chemical 
analyses were made; namely, the NPK and the PK trees, both under 
the tillage system. 

The amount of nitrogen absorbed by the NPK tree during the 
whole period of its growth will be some fraction of a + z. Let 

this fraction be designated k z). Similarly, the amount 

of nitrogen absorbed by the l^K tree during the whole period of its 
growth will be some fraction of (a-f j-f ?/), which will be designated 


Let?/-f 2 )...... .(1) 

Let 7 =^A;'(a-{-a:“f* 3 /)-...(2) 

r 

Then, by subtraction 

\-\=k(a+x^ry^■^)—k'(a■{x■\y) .. ..(3) 

5 T 

Now, if k{a-\-x~\ry) is equal to or very nearly equal to ?/), 

then, from (3), **---- (4) 


or, expressed in words, the fraction of the nitrepen added to the NI K 
tree in the form of sodium nitrate is,, obtained l)y difference between 
the total anioimt of nitrogen absorbed by that tree and that absorbed 
by the PK tree. 

In the present experiment the trees were grown without mineral 
salt additions for the first 4 years. The fa( tor z then of equation (1) 
does not enter into the picture during this period. 

For the purpose of the present analysis the difference between the 
quantities k{a + x-\-y) must be very small as compared with the 
quantity's. In further support of thb contention may be cited the 
mathematical analysis given by the writer in an earlier paper {13). 

The amounts ot jiitrogen applied as sodium nitrate were 149 g 
in 1925, 149 g in 1926, and 167 g in 1927, a. total of 465 g. A 
comparison of these quantities of added nitrogen with the quantities 
actually present (table 6, line 5) shows that all of the “nitrated” 
cylinders contained at the end of the experiment more than 
enough nitrates to account for the amount (167. g) added the last 
year of the experiment, 4}s months before the samples were taken 
ip the fall of 1927, and in addition a considerable portion of ttte 
nitrogen added in the second application in the spring of 19'26. The 
totalltoecipitation during the period between one application and the 
next ims: May 18, 1925, to May 2, 1926, 31.8 inches; May 3, 1926, 
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May 4, 1927, 44 inches; May 5, 1927, to September 20, 1927, 18.6 
inches. In addition, 2 inches of artificial watering was applied hi 
Mot 1926 and 1 inch in August 1927. 

The Rothamsted experiments (9) on the losses of nitrogen in the 
drainage waters from a plot of arable land kept free of vegetation 
since 1870, which received no artificial additions of nitrogen, are 
frequently cited in support of the view that nitrates are readily 
leached from soils. At the end of 47 years the amounts of nitric 
nitrogen found in the drain^e waters were equal to the total losses 
of nitrogen from the soil. The rate of loss was equal to 40 pounds 
per annum per acre in the earlier years and below 25 pounds per 
annum per acre in the later yearn. 

In some soil types in Tennessee (S), however, when nitrogen was 
applied as sodium nitrate to lysimeters kept bare of vegetation, the 
leaching (outgo) of nitrogen in 2}2 years was as low as 34 percent. 
Mooers and Maclntire attribute this relatively small loss to the 
influence of the heavy clay subsoil into which the nitrate ion passes 
as magnesium and calcium nitrates through base exchange.^ 

The investigations of De Somay {10) also indicate tliat nitrates 
may remain in the soil available to plants for long periods, movinir 
upward or downward according to moisture (conditions. The upward 
capillary attraction was found to be much more rapid than the down¬ 
ward displacement by rain. Dc Sornay reports that Demolon and 
Brouet at Aisne found, in an uncropped, light, sandy garden soil, 
that after a rainfall of 9.8 inches during a period of 2 months more 
than one half of the added sodium nitrate remained in the first 8 
inches. 

More recently Ames {2) has reported that during the period 1928-30 
the nitric nitrogen content of the soil under corn or soybeans never 
exceeded 50 pounds per acre in the surface 6% inches, but in 1931, 
after a year of drought, the nitric nitrogen content reached 300 
pounds per acre. 

The problem is summed up by Maclntire ^ as follows: 

It is excooriinj?ly difficult to make an unqualified statement as to the fate of 
added nitrogen. This will vary with the soil, alkalinity or acidity, climatic 
conditions, the amount of added nitrogen, absence or presence of growing jfiants 
and the type of tliese, and periodicity of rainfall, together with the very important 
fact of depth and tyjie of sultsoil. 

In the present experiment the signifi(?ant fact is that the disappear¬ 
ance of nitric nitrogen is greater in all the cylinders under cultivation 
to which mineral nitrogen was added than under the corresponding 
cylinders under sod. 

NONNITRIC NITROGEN 

The nonnitric nitrogen consists of (1) nitrogenous organic material' 
potentially “available/^ but not yet decomposed; (2) the humus 
nitrogen characterized by marked stability; (3) the nitrogen synthe¬ 
sized by the micro-organisms; (4) ammonia nitrogen absorbed by the 
colloidal soil complex. 

The apparent gain or loss in integral numbers with respect to the 
nonnitric nitrogen ds given in table 7. The^quantities of nitrogen 
shown in line 4, that is, the amount of nitrogen absorbed by the trees 
frfcm sources other than the nitrogen added as NaNOs, were obtained* 


^ MacXnties, W. H. Private oomniunicatSon. 
* MAClNTtRE, W. U. See footnote 3. 
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by using the quantities of nitrogen absorbed by corresponding treat . 
ments to which no nitrogen was added. For example, the amount of 
nitrogen absorbed by the NPK tree in sod from sources other than 
that equivalent to the added NaNOs was obtained by difference 
between this quantity and that absorbed by the PK tree also growing 
in sod. For reasons already mven these values have no pretention 
to mathematical exactness. But in the present analysis they serve 
for all practical purposes to furnish a picture of the changes in non- 
nitric nitrogen of the original soil as a result of the various treatments 
under the two culture systems. 

Table 7. —Gain or loss (grams) of nonnitric nitrogen from whole depth of soil 
(0 to 53 inches) by the end of the experiment 


Item 

Sod 

Check 

PK j 

NPK 

NP 

1 

NK 

N 

(1) Nonnitric N before experiment... 

2 ,020.2 

2 ,020.2 

2,020 2 

2 ,020.2 

2 ,020.2 

2 ,020. 2 

(2) Nonnitric Nat end of experiment.. 

X, 905.4 

1,941.9 

1,918.5 j 

1,916.6 

1,941.4 

1,922.1 

(3) Actual loss or gain by soil... 

-114.8 

-78.3 

-101.7 1 

-103.6 

-78.8 

-98.1 

(4) N absorbed per tree from sources other 







than the added NaNOs. 

36.5 

57.0 { 

57.0 

49.9 i 

37.4 

37.4 

(5) Apparent total loss or gain during the 







years of the experiment. 

-78.3 

-21.3 

-44.7 

-53 7 i 

-41.4 1 

-60.7 

Item 

Cultivation 

1 







Check 

PK 

NPK 

NP 

NK 

N 

(1) Nonnitric N before exjieriment. 

2 ,020.2 

2 ,020.2 

2 ,020.2 

2 ,020.2 

2,020 2 

2,020 2 

(2) Nonnitric N at end of experiment. 

1,908.3 

1,950 5 

2,028.1 

2,014.7 

2,020 5 

1,970 6 

(3) Actual loss or gain by soil.. 

-111,9 

-69.7 

+7.9 

-5.5 

+.3 

-49.6 

(4) N absorbed per tree from sources other 







than the added NaNOs. 

53.5 

63.4 

63.4 

77.1 

53 5 

53.5 

(5) Apparent total loss or gain during the 







6 H years of the experiment. 

-58.4 

-6,3 

+71.3 

+71 6 

+5;i. 8 

+3.9 


In both culture systems there is a disappearance of nonnitric nitro¬ 
gen in the CTlinders which received no mineral nitrogen additions 
(check and PK cylinders), the loss being greater under sod. But, 
whereas relatively large accretions of nonnitric nitrogen have occurred 
in the NPK, Nr, NK, and N cylinders under cultivation, losses of 
nonnitric nitrogen have occurred from the corresponding cylinders 
imder sod. These differences are much greater than can be accounted 
for by sampling or analytical errors. Although uniformity with re¬ 
spect to content of nitrogen, phosphorus, and potassium was cstab- 
,hshed m the cylinders before the experiment began, there may have 
existed differences in respect to the physical condition that would 
preclude a definite and imqualified interpretation of the differences 
existing with respect to the condition of the nitrogen imder sod and 
cultivation. Three explanations may be advanced: 

(1) Assimilation of nitrogen added as NaNOa by micro-organisms. 
But the difficulty lies in explaining why assimilation should nave oc¬ 
curred in the cylinders under cultivation and not in those under sod. 
.Carbon dioxide accumulation under grass {12) may be the differential 
factor. Some nitrogen would appear to have been brought up and 
imli^bilized in the surface soil % the grass roots in the sod system, 
ipasinuch as the quantity of nitrogen (as total and nonnitric nitrogen) 
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^ the surface soil is higher in all cases under grass than under cultivf,- 
tion. But the results for the whole depth (0 to 53 inches) show 
that this explanation is insulFicient to account for the entire differ¬ 
ence in the amount of nitrogen in corresponding cylinders in the two 
systems. 

(2) The peptization olf nitrogenous organic material by NaNOa in 
the first horizon and subsequent leaching. Hardpan formation was 
particularly noticeable in the nitrogen-treated cylinders under culti¬ 
vation. Clacks and fissures, therefore, may have assisted the down¬ 
ward movement. 

(3) The greater root system under cultivation. Except m one 
tree (NPK) the root systems were larger in the trees grown under 
cultivation. The weignts of the root systems are given in table 8. 


Table S- 


-Weights in grams of the respective root systems in soils in sod and under 
cultivation 


Condition 

Check 

FK 

NPK 

NP 

NK 

N 

Sod. 

9,9S0 1 

8.32.‘> 

13,040 

12,7^ 

11,090 

10,360 

Cultivation. 

10, H70 

10.096 

12 , .395 

13,075 

11,700 

12,275 


The higher nitrogen content of the soil tinder cultivation may have 
arisen from sloughed-off portions of fibrous roots that might have been 
incorporated m the soil in the process of preparation for analysis. 

The extensive literature of the problem of the mineralization of 
nitrogen in the soil has been reviewed by Lemoigne (5), Lyon (6), and 
Waksman (17). The results presented in this paper suggest the desir¬ 
ability of further investigation of the problem. 

SUMMARY 

The distribution of total nitrogen and also of the nitric and nonnitric 
fractions in three horizons, viz, 0 to 7 inches, 7 to 21 inchi^, and 21 to 
53 inches, of a Hagerstown clay loam soil contained in cylinders 
planted to apple trees and treated with different combinations of 
sodium nitrate, monocalciuni phosphate, and potassium sulphate are 
given in percentage and in absolute amoimts. 

In all treatments the total nitrogen of.the surface soil under sod was 
somewhat greater than under cultivation. In the subsurface the 
differences in total nitrogen wore small except in the check cylinders 
under sod, in which it was less than under tillage. In all treatments 
the total nitrogen of the subsoil was greater in the cylinders under 
cultivation than in the corresponding cylinders under sod. For the 
whole depth (0 to 53 inches), the total nitrogen at the end of the' 
experiment was greater in all cylinders under cultivation than in 
those under sod. 

The disappearance of nitrogen (as total nitrogen) by leaching, and 
possibly as gaseous nitrogen, was greater under sod than under culti¬ 
vation in all cases. 

The movement ot nitric i^trogen is discussed?^ It is concluded that 
leaching of nitrates from this heavy soil was not very rapid. 

(The disappearance of nitric nitrogen, when account has been taken ■ 
of the nitric nitrogen absorbed by the trees equivalent to that added 
as NaNOg, was greater in all nitrated cylinders ui}der cultivation than 
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in corresponding cylinders under sod. This difference is account, 
for by an accretion of nitrogen as nonnitric nitrogen in the subsc 
under Cultivation but not in that under sod. 

Results with respect to nitrogen gains or losses based on the soil 1 
a depth of 53 inches are very different froni^ those based on the 0* i 
7-inch or 0- to 21-inch depths. 
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LIFE HISTORY OP* THE HAIRY-ROOT ORGANISM IN 
RELATION TO ITS PATHOGENESIS ON NURSERY APPLE 
TREES‘ 

By E. M. JllI.DEBRAND' 

P'oriiierly agents Division of Fruit and Vegetable Crops and Diseases, Bureau of 
Plant Industry, Ihiited States Department of Agriculture 

INTRODUCTION 

In studies of infectious hairy root carried on during the last 4 years, 
special consideration has been given to the life history of the causal 
organism in relation to its pathogenesis on nursery apple trees. This 
disease has been so prevalent on grafted apple trees in the nursery 
that it has become of considerable economic importance. The causal 
organism, Phytomonas rhizogeneft Riker et al., has recently been 
dilferentiated by Riker and his associates {26)'^ as a new species 
distinct from that causing crown gall, P. tnmefaciens (Smith and 
Town.) Bergey et al. Previously it had been considered an apple 
strain of the crown-gall organism by Smith et al. (36) and more 
completely developed as such by Siegler (33^ 34)- 

The name ‘4iairy root^^ appears to have been first introduced into 
literature by Stewart, Rolfs, and Hall (37), Following the earlier 
work of Hedgcock (//) on the identity of the complex of malforma¬ 
tions occurring on apple, a number of well-knowui papers appeared. 
Recently a number of diseases have been separated from this complex 
on the basis of cause, viz, (1) infectious hairy root, (2) crown gall, 
(3) wound overgrowth, and (4) nonparasitic hairy root. Of these, 
infectious hairy root is now' perliaps the most important from the 
economic standpoint. 

The host range of the hairy-root organism is little understood. Up 
to the present time the writer has found it reported under natural 
conditions only on apple. However, cross-inoculation studies by 
various workers, including Smitli et al. (36)y Riker et al. (2d), Brown 
(6*), Banfield (3), and Riker et al, (26), have demonstrated the patho¬ 
genicity of these bacteria on such plants as sugar beet (BeM vulgaris 
L.) quince (Cxfdoriia oblonga Mul.), rose (tiosa setigera Michx.), 
honeysuckle (Lonicera morroun Gray), Paris daisy (Chrysanthemum 
frutescens L.), balsam (fmpatiens balsamina L.), bryophyllum (Bryo- 
phyllum pinnalum Kurz), red raspberry (Ruhus iamxis L.), bean 
(Phaseolus vulgaris L.), and sedum (Sedum spectabile Bor.). 

Hairy root appears to be widely distributed. Hedgcock (11), who 

^jorted crown gall from all the States of the United States except 

' Received for publication Oct, 26, 1933; issued July 1934 The.se studies were conducted in cooperation 
with the W'isconsin Agricultural Experiment Station. 

* The writer wishes to express his indebtedness to l>r A. J. Riker, of the University of Wisconsin, for 
advice and criticism during these studies, and to Eugene H. Herrlimuof the Department of Plant Pa¬ 
thology of the University of Wi#iconsin,for assistance in making the photopraphs. The laboratory work done 
in eastern Kansas was made r>ossibie thrdhgh the courtesy of Dr 8 L. Doubt, Department of Botany, 
Washburn College. 

’ J^ibrence is made by number (italic) to Literature Cited, p. 883. 
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Nevada, stated that “the forms of the disease known as hairy ro6i 
have been found as widely disseminated as crown gall on apple trees 
in nurseries and orchards in the United States.” He also reported 
forms of hairy root from Germany, Netherlands, France, Canada, and 
New Zealand. Doidge (5) recorded the presence of the disease in 
South Africa, and Noble (18) in Australia. The disease seems widely 
disseminated, but the difficulties of diagnosis raise a question as to 
the accuracy of some of the reports. 

The economic importance of infectious hairy root, although con¬ 
siderable, is hard to estimate since no information is available as to 
bow much of the loss due to malformations may be attributed to this 
disease. Studies in which the writer has participated for more than 
4 years, in nurseries from Wisconsin to Oklahoma, reveal that while 
other difficulties in this complex have been hugely eliminated hairy 
root still remains a factor of considerable importance in certain places. 

Control measures at the present time are only partially satisfactory. 
Von Schrenk and Hedgcock (39) laid the foundation for the most 
succes.sful of later attempts to control the various malformations at 
the unions of piece-root grafts when they noted that these enlarge¬ 
ments usually appeared at the graft union, that using root and scion 
pieces of nearly the same diameter reduced overgrowths, and that 
wrapping the unions with certain materials such as cloth and rubber 
considerablj increased the percentage of smooth tree.s over those 
wrapped with other materials. Since the publication of their report 
many control measures have been suggested bj' different workers, as, 
for example, Melhus and Maney (15), Wormald and Grubb (41), 
Riker and Keitt (30), Waite an(f Siegler ( 40 ), Melhus, Muncie, and 
Fisk (16), and Maney and Pickett (14)- Additional studies by Riker 
and his associates (21, 24, 2f, 31) have repeatedly demonstrated the 
value of nurseryman’s tape, a special kind of adhesive plaster. Since 
the discovery that this tape prevents a large percentage of union mal¬ 
formations without producing any ill effects, it has come into common 
use. Among the nurserymen there is a feeling that the saving in 
handling the grafts bound with this wrapper more than pays for its 
extra cost. In addition, there is a considemble increase in the number 
of clean trees. The use of nurseryman’s tape has eliminated on an 
average more than half of the various outgrowths at the union. Those 
that remain are mostly hairy'root. 

The persistence of raalfonnations, chiefly of the hairy-root type, 
caused by Phytomonas rhizogenes, appeared to warrant a study of the 
life history of the causal organism in relation to pathogenesis. It was 
hoped that such a study would not only increase the available infor¬ 
mation on the fundamental activity of this organism but would also 
define critical points at which the application of control measures 
might be more effective. . 

IDENTITY OF HAIRY ROOT 

Before studying the pathogenic life history of infectious hairy root 
it seemed desirable to^make a reexamination of the identity of hairy 
root as contrasted with crown gall, wound overgrowth, and other 
malformations occurring on the underground parts of nursery a^ple 
' tr^s. ' 

. %e isolation of t^ hairy-root organism was attempted from a 
variety of ih^formations on Wealthy apple trees ccdlected at random 
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lit digging time from the experimental plots at Madison, Wis., and 
Topeka, Kans. It was found from tlie outward appearance and 
interior structure that these overgrowths could be roughly classified 
into three groups: (1) Convoluted, with roots, characterized by a 
hard vascular interior and a soft exterior layer of variable thickness 
that turned brown rapidly wlien exposed to the air; (2) convoluted, 
without roots, identical with the foregoing except for the absence of 
roots; and (3) undulated, without roots and, unlike the other enlarge¬ 
ments, chiefly made up of wliitish vas(uilar cortex. The enlargements 
differed considerably in apiiearance and in the number of emerging 
roots, making them difficult to classify. Nevertheless it .eemed 
important to attempt isolations from such specimens. 

The method of isolation was as follows: From a specimen of ea( h 
type of overgrowth several cubes of overgrowth tissue, approximately 
3 mm on a side, were remov'cd from the soft tissue, if present, under 
aseptic conditions and dropped into three Petri dishes each containing 
1 c(‘. of sterile distilled water. A sterilized scalpel was used to macerate 
the tissue in the water. After an interval of about 10 minutes dilu¬ 
tions were made from each plate to three succ('ssive Petri di-hes. 
Patel’s (/.9) bile agar was then added. The j)oured plates were incu¬ 
bated at 28^ C\ and examined after 1 week. The identity of the bac¬ 
teria that aj)peared was determined after inoculations on sed\im and 
apple and after (udtural examination* as suggested by A. J. Riker, 
on sodium selenite agar. A summary of these studies is given in tablel, 
showing that a majority of the convoluted enlargements with roots 
were infectious haiiT I’oot and that a considerable part of the con¬ 
voluted enlargements without roots were also hairy root. The 
undulated enlargements did not yield the infectious agent and in all 
])robal)ilitv they were nonparasitic overgrowths. Since the experiment 
described below show(»d the isolation technic to be reasonably accurate, 
it appears that many of the spec imens contained tissue not primarily 
stinuilated by the hairy-root l)acteria. Perhaps the reaction induced 
by the hairy-root tissue may have stimulated nonparasitic growth in 
some cases. These results appear to be in conformity with those of 
Riker et al. (26), 

Tablk 1.— Summary of isolation trials from different kinds of enlargements 
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* Characterization of these enJargenienis is given in 0 e te.\t 


The hairy-root organism was reisolated from ^airy-root enlargements 
induced on nurscry*apple tfees by inoculating the stems below ground. 
TJiese induced enlai^emcnts, ranging in age from 0 to 24 woeks» 
covered the complete range of symptoms. The same isolation technic 
was employed as in previous experiments. The results are summarized 
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in table 2. All wsta^es of the disease yielded the causal organism. Otfi 
of 129 trials, the nairy-root Organism was recovered in 87 percent, 
indicating that the causal organism is usually associated with the 
symptoms of the disease. Nonpathogenic bacteria were recovered in 
13 percent of the trials. None of the enlargements was found to be 
free from bacteria. 


Table 2 .—Summary of reisolation trials from infectious hainj-root enlargements 
of different ages^ induced by inoculations on nursery apple frees 
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The roots of infectious hairy root have not been found to contain 
the hairy-root bacteria. Only negative results were secured from 
attempts to isolate the organism from the tissues of 37 fleshy hairy 
roots more than one fourth of an inch long, which had emerged froiii 
the basal enlai^ements. This finding confirms the work of Smith et 
al. (36) and Riker et al. (HG), who found the bacteria to be present 
only in the basal enlargements. 

Isolation trials from crown gall and Tvound overgrowth induced by 
inoculations and wire girdles, respectively, appear to establish tlie 
identity of these malformations. A series of reisolation studies some¬ 
what less extensive than those conducted on hairy root were made on 
induced crown gall and wound overgrowth. In 26 trials the <Town- 
gall organism was found constantly associated with the crown-gall 
symptoms in all stages from 0 to 12 weeks. As no pathogenic bacteria 
were secured in the 10 trials from wound overgrowths, these malfonna- 
tions apparently are distinct from each other and from hairy root. 
These results are in accord with those of Riker and Keitt {30), Muncie 
{17), Siegler {S3), Brown {6), and others, and, in the writer’s opinion, 
establish the identity of the hairy-root disease. 

ENTRANCE OF ORGANISM INTO HOST 

MATERIA1.S AND METHODS 

In most of the field studies the Yellow Transparent variety of apple 
was selected as host plant because it was considered relatively sus¬ 
ceptible to infectious nmry root and because it was grown in sufficient 
numbers^ for the studi^ projected. Both first- and second-year trees 
were utilized. These trees were produced from piece-root grafts 
made from (^ions and roots grown in Kansas. 

.The principal plants used in the greenhouse were Paris daisy, bean, 
siigaf beet,' eedum, qnd apple. In a series of pathogenicity studies 
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.^vduiu and sugar I cet ^\^*ro found to be the best plants tried •fijr 
greenhouse studies. In these studies an average of 54 inoculations 
were made for each kind of plant. The following percentages of 
wounds in the respecti^T hosts showed hairy-root symptoms 2 months 
afto inoculation: Balsam, 36; hean, 58; bryopliyllum, 57; Paris 
daisy (single yellow), 66; Paris daisy (single white), 36; sedum, 100; 
sugar beet, 100; begonia, 0; and tomato, 0. A similar study of 240 
wound inoculations on the Fameusc variety of apple grown in pots 
showed 52 percent infected. 

The bacterial culture (‘hiefly employed was the progeny of a single 
cell, strain ('-I (fig. 1), of the hairy-root organism, a detailed descrip¬ 
tion of which is given b}^ Wriglit, llendiickson, and Riker (^^). At 
3-month intervals this strain was checked for comparative patho¬ 
genicity against four sister single-cell strains, C-10, C-11, C-12, and 
(^"“13. Three-day-old transfers grow7i on potato-maimite agar gave 
abundant grcmth and were used for inoculation. 

The metliod of inoculation on herbaceous plants was by needle 
puncture. The method of inoculation on apple grafts, unless other¬ 
wise noted, was as follows: On one side of the row a tren<*h w^as made 
in the soil to the ilepth of the union, about 3 inches away from the 
trees to avoid injuring them. By means of a dibble the soil was 
removed from around the individual trees, and the stems were wiped 
free fjom soil. Drojis of a subculture of the bacteria were then applied 
with a cotton swab to the stem surface, usually in five places spaced 
abojit 1 inch ajiart. With a scalpel, held at an angle, two thrusts 
w^ere made through the drops of culture deep into the stem. During 
the 1630 season, strips of adhesive tape were applied over the w^ounds 
to reduce (*hance contamination of the controls from the soil and to 
keoj) out insects. Promptly after inoculation the soil was throw7i 
liack into the trench and was hilled up several inches so as to bring 
It about 2 inches above the topmost wound. 

WOUNDS AS INFECTION COURTS 

The (uitram e of bactt'ria into the host has appeared to be a critical 
stage in tlie life history of the hairy-root orpmism; consequently a 
series of studies was undertaken to clarify this ])oint. 

As the bacteria seemed to enter the host plant only through wounds, 
the necessity for wounds as points of infection was tested in the fol¬ 
lowing preliminary experiments. The hairy-root organism was 
washed over the surface of 20 Paris daisy plants. Ten of these were 
wounded with needle punctures in five places each, and the others 
were held witlu»ut injury as controls. After 2 months of incubation 
all the unwounded plants were free from disease, whereas 41 out of 
50, or 82 percent of the places w^ouiided, showed hairy-root symptoms. 
Tw^o repetitions of this experiment gave similar results. An experi¬ 
ment on sugar beets, in which the same number of plants were used 
and the some number of W7)unds were made, resulted in the unw ounded 
plants remaining healthy and all 50, or 100 percent, of the wounded 
plants becoming infecded. In two similar experiments on bean, 62 
and 34 percent, respectively, of the places wounded became infected, 
but*pone of the unwounde^ plants snowed symptoms of disease. In 
an* experiment on the Yellow Transparent variety of apple the bac¬ 
teria were* washed over 20 stems below ground. Ten of these were 
wounded in five places each with scalpel cuts.. Twm months later 
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the'unwounded steins were bealtliy and 28 of the 50 places woiindedT” 
or 66 percent, shirwed symptoms of the disease. These results are 
in accord with those obtained by Smith et al. {36), Riker (21), and 
Muncie (17), in work with the crown-gall organism, h'rom these 
studies it appeared that infection occun’cd'only through wounds. 
Attention was next directed to the various kinds of wounds that 
might be encoiuitered. 

Infection followed the introduction of the bacteria into the tissue. 
This was determined by several tests. Drops of a fresh culture of 
the hairy-root organism from a cotton swab were placed in five 
different places on the stems of 10 Paris daisy plants. The bacteria 
were carried into the tissues by thrusting a needle through the bac¬ 
terial masses and then entirely through the stems several times. 
After 2 months of incubation, 38 of the 50 places wounded, or 76 
percent, showed the disease symptoms. A repetition of this experi¬ 
ment gave disease reactions for 28, or 56 percent, of the places 
wounded. Similar studies in which the same number of wounds 
were made on bean, sugar beet, sedum, and apple, gave, respectively, 
34, 100, 100, and 48 percent of infections after incubation periods of 
about 2 months. This type of inoculation technic w^as very effective 
in producing infection, and by means of a scalpel instead of a needle 
it was largely used in the field experiments on apple trees. 

Infection followed the placing of bacteria on the surface of w'ounds. 
This was determined by a series of tests. In a preliminary experi¬ 
ment a set of 10 Paris daisy plants were wounded by passing a needle 
through the stems in each of 5 places. The bacteria were then 
applied to the wound surfaces in the usual manner with a cotton 
swab. After 2 months of incubation, 36 of the places wounded, or 
72 percent, showed symptQins of the disease. As shown later, the 
results of the infection-court studies, in which this inociilation 
technic was used, confirm the results of the Paris daisy experiment. 
These results demonstrate that infection takes place whether the 
bacteria are applied to the stem before or after the wounds are made 
and are in accord with those of Riker (21) in experiments with the 
crow'n-gall oi^anism. » 

Because of the importance of w’ounds in bringing about infection, 
grafting time is an important period for the infection of piece-root- 
grafted apple trees. Siegler and Piper (35) discuss this point. Whether 
the bacteria commonly do gain entrance at tliis time is of such im¬ 
portance that it is discussed in a separate paper, on studies of the 
seasonal development of the disease, by Riker and Hildebrand (28). 
The reactions at the graft union present so many complications that 
certain phases of this diflicult problem have been simplified in the 
'present work tlirough studies of wounds on the scions of actively 
growing trees. 

Influesce op Type of Wound 

In a series of trials the type of wound apparently made no difference 
in the kind of overgrowths but did influence somewhat their rate of 
development and the ^percentage of woiyids that became infected. 
A preliminary study on a comparison of needle-puncture and 
«calbel-cut wounds was made on undei^round stems of first-fear 
ajp^e trees to test their influence in producing infection. Five needle- 
pfjincture w^nunds w'ere made in each of 10 different trees. An equal 
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number of scalpel cuts were made in 10 trees. The procedure wa^ to 
push the scalpel or needle deep into the stem, and to smear the hairy- 
root bacteria promptly over the wound with a cotton swab. Host 
injury was obviously greater from the scalpel cuts, and after an 
incuBation period of 2 inonths infection seemed to be more pronounced 
from the scalpel injunes. wSubsequently however, this difference 
gradually diminished. In this experiment all the injured trees be¬ 
came infected. The percentages of infection resulting from needle- 
puncture and scalpel-cut wounds were 38 and 62, respectively. In 
the percentage of wounds infected there was a discrepancy between 
the two types of wounds, and this required further consideration. 

A more extensive wound-type study was made to determine 
whether the hairy-root bacteria could enter apple stems through 
different types of injuries. Three types of wounds were employed, as 
follows: (i) Scalpel cut, which was made by pushing a scalpel deep 
into the stem at an angle; (2) bruise, which was made to resemble 
cultivation injury by striking the stem with a hammer; and (3) 
needle puncture, which was made by thrusting a needle deep into the 
center of the stem. The effects of these injuries were studied on 
first- and second-year trees. Each type of wound was made in 5 
places on the stem below ground on 13 trees of both ages. In each 
(‘ase the hairv-root bacteria were promptly applied to the surface of 
the wounds on 10 trees. The wounds on 3 trees were left untreated, 
as controls. Ten weeks later the results were taken. Because of the 
similarity of reactions on the first- and second-year trees, they are 
summarized together. For the respective types of injury the percent¬ 
ages of wounds becoming infected were as follows: Scalpel cut, 71; 
bruise, 66; and needle puncture, 41. Of the control w'ounds 5 percent 
of both the scalpel and bruise injuries became infected. The infection 
of the control w-ounds might be attributed to some soil vector, such as 
insects, wliich had free access to the wounded places. From this study 
it is apparent that all the different types of injuries served as infection 
courts. Moreover, the symptoms produced by the infection of the 
different wounds were practically identical except for those in the 
needle-puncture injuries, which differed from the others in having 
(1) a slightly longer incubation period, (2) a somewhat lower per¬ 
centage of infections, and (3) smaller reactions. 

A repetition during 1931 of the experiment testing the three types 
of wmunds (scalpel cut, bruise, and needle puncture) on second-year 
trees gave results similar to those just described. Strips of adhesive 
tape w^ere placed over all the places wounded as a protection against 
the possible interference of soil fauna. Scalpel-cut and bruise wounds 
again were the most effective infection courts for the hairy-root bac¬ 
teria, as 82 and 66 percent, respectively, of these wounds became in-, 
fected. Thirty-six percent of the needle-puncture wounds became 
infected. All the control wounds were negative. The slightly longer 
incubation periods for smaller wounds suggested the need for further 
study of the size of wound in relation to the development of the 
disease. 

Extremely shallow wouqds were found to be poor infection courts. 
In *1930 two types of wounds were tested, surface and scalpel cut. 
TJhfe surface injury consisted of a very shallow scraping of the stem to 
expose the outermost cortex layers to the bacteria. The scalpel cuts 
were made as before. Each type of injury was made in 5 different 
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K ’ 3 on each of 40 trees. The wounds on 30 of the trees were inocur 
with the bacteria, those on 10 trees being left as controls. All 
the wounds were "covered with adhesive tape. After an incubation 
period of 10 weeks, 65 percent of the scalpel wounds and only 3 percent 
of the surface wounds had become infected. An identical experiment 
repeated in 1931 gave conlirmato^ results! as 82 and 4 percent, 
respectively, of the two types of injuries became infected. These 
results show that shallow injuries to the stems of young apple trees 
are relatively poor infection courts and that, within limits, the depth 
as well as the size of wounds is a factor in the amount of hairy-root 
infection. 

Length or Time Wounds Rbm.4IN Open to Inkection 

The length of time that wounds remain open to infection was next 
considered. Preliminary studies were made on Paris daisy, sedum, 
and bean plants in the greenhouse. The temperature of the green¬ 
house was approximately 22° C. and the relative humidity about 70 
percent. In the first series 5 needle-puncture wounds were made in 
the stems of 22 Paris daisy plants above, at, and below the ground 
level. At intervals of 1 hour and 1,2, 3, 4, 5, 6, 7, 8, 16, and 32 days 
after wounding, a water suspension of a culture of the hairy-root 
bacteria was applied to the wounds of two plants with a cotton swab. 
The results were taken after an incubation period of 2 months. It 
was found that, in this trial in which the plants were kept on an open 
greenhouse bench, wounds older than 3 days did not become infected. 
This indicated that wounds 4 days old had formed a barrier sufficient 
to keep out the orcanism. Repetitions of the e.xperiment on Paris 
daisy, bean, and sedum showed that for 3, 2, and 4 days, respectively, 
the wounds remained open for infection under greenhouse conditions. 

These studies were then extended to include the. effect of humidity 
on the time that infection courts remain open in Paris daisy and 
bean plants. The same time intervals and number of wounds were 
employed as in the previous tests. Exposure for 2 days before 
wounding to a relative humidity of approximately 90 percent at the 
usual greenhouse temperature of about 22° C. caused the wounds to 
stay open longer for infection. The period was extended to 5 days 
for both Paris daisy and bean. In a similar experiment, with tlie 
same preliminary treatment, en Paris daisy plants held at the same 
humimty for 9 days after wounding, the period that wounds remained 
open for infection was increased to 6 days. These results show that 
wounds on plants in the greenliouse are ordinarily open to infection 
for only a few days after they have been made and that raising the 
relative humidity lengthens this period. 

' The length of time that wounds on apple remained open for infec¬ 
tion was approximately 2 days. Field studies on actively growing 
apple trees in the nursery were made during the seasons of 1929 and 
1930. In 1929 three series of infection-court trials were made, start¬ 
ing, respectively, on May 9, June 7, and July 3. In each series, on 
the day of starting, 5 wounds were made on the underground stems 
of each of 4 first-year trees for each interval. The intervals tested 
were 1 hour and 1, 2, 4, 8,16, 32, and 64 days. Four wounded trfees 
werg kept as controls. At the stated time after wounding, a fres'b 
cidture of the hairy-root bacteria was applied to the wounds with a 
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(otton swab. At the close of the season results showed that the 
wounds on these tjees remained open infection courts for no longer 
than 2 days. These data corresponded closely with those for green¬ 
house plants. The exact time periods for May, June, and July 
were, respectively, 2, 2, and 1 days. In this experiment the time of 
year appeared to influence the results slightly. An identical experi¬ 
ment was conducted on second-year trees with almost the same re- 
‘^Ailts. llowrever, in tliis case, in the June series, 2, or 10 percent, of 
the control wounds and 5, or 7 percent, of the w^ounds inoculated 
later than 4 days after wounding became infected. These results 
caused the writer to suspect the interference of insects. 

Similar studies in 1930 consisted of five series, starting, respectively, 
on May 12, June 1, July 1, August 1, and September 1. The pro- 
(*edure of the previous season was followed tlu'oughout except that the 
unnecessary 32- and 64-day intervals were dis(*arded. Both first- 
and second-year trees were used. To prevent possible interference 
fioTu hairy-ioot bacteria or insects that might be present in the soil, 
adhesive tape was placed over the wounds promptly after they were 
made. The results (table 3) are in accord with those of the season 
before on the first-year trees, and fix the time that w’^ounds ordinarily 
jcmained open for infection at appi*oximately 4 days for the month 
of May and 2 days for the other months. Since the applh’ation of 
the adhesive tape over all the wounds the second season eliminated 
chance infections other than those shown in the table, it appears 
leasonable to assume that the tape was a barrier to some wound-pro- 
diuing element in the soil environment. The fact that the weather 
was more favorable for host grow'th during May 1929 than during 
May 1930 would seem to a<*count for tlie discrepancy of 2 days in the 
length of time the wounds remained open for infection. Figure 1, Zf, 
illustrates the tyi)ical hairy-root infec'tions for the May serk's, wlien 
the plants were 24 weeks old. 

Tabll --L< rigth of time at dijfnent peimh nt the gtoteing f>enson of Wiiit that 
uouuds on /- and i-geat-otd apple temauud open injection courts for the 
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« W^ounds were made on Ma,v 12, June 1, July 1, Aug. 1, and Sept. 1. 20 wounds were made in each trial. 
Observations were made on Nov. 10. 

The studies on the length of time that wounds remain open infec¬ 
tion courts both fufnish support to a^d receive support from similar 
stu<iies on whether callus may be ordinarily an infection court. Cal- 
luS w^as found ordinarily to be a barrier against the invasion of the’ 
hairy-K)ot organism. Riker and Keitt (50) earlier reported tliat 
callus formed on apple grafts was not commonly an open infection 
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PiuufkE 1 1 Hairy root o\erKrowths on the lateral roots of a tree infected on the mam stem These 

lateral o\ergrowths which yielded the hairy root bacteria, presumably fdUowed insect wounds X 
M. tiairv root infections 24 \^eeks after inoculation The bacteria were applied to the specimen Qn the 
left 1 hour after the wounds were made and to the specimen on the right 1 day after the wounds w ere<made 
X \ 


867 


May 15,1934 Haivy-Root Organism on Nursery Apple Trees 


court for tlie (‘rown-gall organism. Sieglor (34) stated that the graft 
union after callus has formed is an infection court to a limited extent 
for the apple organism/^ Sicgler and Piper (35) reported a confirma¬ 
tion of Siegler^s earlier results, stating that ‘^the gi'afts are most sus¬ 
ceptible at the time they are made and be(‘ome increasingly resistant 
with the progression of callus formation/’ 

CALLUS AS A BARRIER TO INFECTION 

Tlie infection of callus was studied on apple trees in the nursery. 
C^illus formation was stimulated by wounding the stem, and its reac¬ 
tion toward the appli(*ation of the bacteria was tested in the soil 
under natural conditions. Callus of different ages was stimulated by 
making five wounds below ground on each of eight trees weekly for 
10 w'e(‘ks. On the last date of wounding the bacteria were applied to 
the wounded surfaces of one half the number of trees. Examination 
2 months after inoculation revealed that only those trees wounded on 
the date of inoculation had become infected. Of these, 11 out of 20, 
or of) pen*ent, showed the disease symptoms. The entry of the bac¬ 
teria in this (*ase had been accomplished before callus had had time to 
form. Comparable results were obtained in a study by Riker, Hilde¬ 
brand, and Ivanoff (£9)^ similar to that just described except that the 
callus was stimulated above ground in glass cylinders under approxi¬ 
mately aseptic conditions. Similar studies, except for minor changes, 
were made in 1930. The time, originally 10 wrecks, was extended to 
12 weeks. Strips of adhesive tape were applied over the wounds to 
e.\<‘lude possible soil bacteria and insects. Otherwise the procedure 
was the same. Again wound callus more than 1 w^eek old did not 
be<*ome infected. Nine out of the 20 wounds inoculated on the da^^ 
of wounding, or 45 percent, showed symptoms of the disease before 
callus had had time to form. The ri'sults of the season before were 
verified. 

Further studies of callus as an infection court were made in 1931. 
In one experiment several turns of wire were wrapped around the 
underground stems of eight trees at weekly intervals for 12 weeks. 
One week later for each interval, the wrapped portions of the stems 
of fouj* of the trees were smeared wdth the bacteria. The other four 
trees were left untreated, as controls. Observations w ore made 9 weeks 
after the application of the bacteria. • Although disease symptoms 
appeared in callus developments of all 12 ages, in 10 percent of the 
ino(*ulated trees and in 8 percent of the control trees, this study seemed 
to demonstrate that callus is not commonly an infection court. The 
fact that a wdiite grub w^as observed feeding on one of the overgrow ths 
wdiich later showed infection indicates that the chance infections en¬ 
countered may have been due to insect injuries. * 

In another experiment callus was stimulated by making a slanting 
upward cut with a scalpel into the underground stems. To prevent 
reunion of the several tissues a strip of adhesive tape was inserted in 
each cut. In all other particulars this experiment was identical with 
the preceding one. ^ When the observations were made, it was found 
tliat 12 percent of’the inrfculated trees were infected and that the 
control trees were not infected. These results appear to substantiate^ 
those just reported in showing that unwounded callus does not oydi^ 
narily serve as an infection court.* 


* Ilhistratioo'^ of these callus developments will be found in a paper by Ifiker and Hildebrand (f8) 
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Since callus is very easily injured, a study was made of the suscepti¬ 
bility to hairy-root infection of callus that had received small wounds. 
Shallow wounding did not co.nmonly, if at all, pennit the entry of the 
hairy-root organism. Using the technic previously de^ribed, the 
writer stimulated callus by wounding under jthree conditions: (1) On 
underground stems exposed to the soil: (2) on underground stems 
protected by adhesive tape; and (3) on aerial stems in glass cylinders 
{29) protected from outside contamination. At 4 biweekly inten'als 5 
wounds were made in each of 2 plants for each of the 3 conditions 
named above. One week after the last w’ound was made the callus 
developments of the various ages were lightly pricked and scratched 
so as to limit the injury to the outer few' layers of callus cells. The 
bacteria were then smeared over the injured surfaces. After an 
incubation period of 8 weeks only one of the wounds, and that in a 
l-week-old callus, was observed to be infected. In this case it 
appeared that, after the injury wms made, insufficient callus remained 
over the susceptible host tissues to be a barrier to the organism. 
Parallel to this an eqtial number of wound inoculations were inade 
which resulted in the developinent of the disease. Repetition of 
one part of this experiment, namely, that on the underground stems 
protected by adhesive tape, gave the same results the next sea.son. 
These results indicate that shallow w'ounds in callus do not ordinarily 
bring about infection, which is in accord with the results obtained 
when shallow' w’('unds were made in apple stems. 

INFLUENCE OF SOIL INSECTS 

Wounds produced by insects should bo considered as a possible 
factor in infection by tfee hairy-root organism in the nursery. Root- 
chewing arthropods have been found by Banfield {4) associated with 
the occurrence of ciown gall on raspberry. He show'ed that healthy 
raspberry plants gi-own in soil which had been inoculated with the 
crown-gall organism but which w as free from insects became disea.sed 
only when wmite gnibs were introduced into the controlled environ¬ 
ment. Consequently it seemed desirable to examine the possible 
relation of insects to hairy-root infection. 

Root-feeding insects have been observed during tliree growing 
seasons in the sPil about nursery apple tree's. Preliminary to a more 
detailed study {28) of seasonal development of diseases, including 
hairy root, a survey w'as made of the insects commonly present around 
the graft unions in the soil. From the survey it was determined 
that root-feeding insects, especially white grubs (Phyllophaga) and 
wireworms (Elateridae), were commonly present in the nursery 
soil during the growing season, from May to October. 

‘ Insects eatii^ both hairy-root and healthy tissue have frequently 
been seen during the .observations of diseased and healthy trees. 
These observations were made in the course of studies which required 
the examination of several hundred' young apple trees each week. 
On several occasions during the growing season, from May to October, 
white CTubs were observed feeding upon hairy-root overgrowth tissue 
and other undergroxmd parts^ such as sWm tissue, root tissue, and 
both infectious and noninfectious hairy roots. Observations in 1631 
lery.ed to support the findinp of the two previous seasons as to the 
activity of this insect and pointed to it as an important agent in 
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producing: wounds that might lead to the hairy-root disease if the 
causal bacteria were present. 

Injuries similar to those jiroduced by white grubs in Kansas have 
been observed in Wisconsin, Iowa, Missouri, Nebraska, and Okla¬ 
homa. Wireworms also were occasionally observed buirowing into 
callus and overgrowth tissues, especially in the earlier stages. Small 
fungus-gnat larvae (Mycetophilidae) were found to frequent some of 
the enlargements in tlie cre\nces and sometimes the tissues. On 
three occasions white ants were found making trenches in the main 
root or in the large branch roots, sometimes for the greater portion 
of their length. Twice microscopic examination of the surface of 
five young overgrowths revealed the presence of nematodes. These 
are but some of the instances of interference by soil fauna with the 
underground plant parts as observed in the nurseiy" during the growing 
season. 

Over a period of 4 years from one to several specimens of infected 
lateral roots were observed in positions that could have been reached 
only by insects. Riker and Hildebrand (£S) in their studies found 
from 6 to 0.0 percent of the lateral roots infected. Haiiy-root 
bacteria were isolated from the small overgrowths and from the main 
overgrowth in the specimen illustrated in figure 1, ^1, proving their 
infectious nature. 

The development of new infections during both the first and the 
second growing season in Kansas was most easily explained as due 
to the agency of insects. As stated earlier, wounds appear to be 
necessary for the entrance of the bacteria. To account for the occur¬ 
rence of new' infections over so long a period, some wound-producing 
ag:ency must, therefore, have been almost constantly present in the 
soil around the graft unions. Two examples may be cited. In a 
block of 240 trees, 39 percent w'ere found infected at the end of the 
first growing season and 59 percent at the close of the second growing 
season. A summaiy of the studies over a period of 4 years, in which 
about 7,000 trees were examined, showed at the close of the second 
season an increase in disease development of 13 percent over the 
first season. Further evidence on this point will be found in the 
paper on seasonal development by Riker and Hildebrand {28). 

Several experiments were suggested by the observations on insects 
in relation to hairy root. Isolations of»the hairy-root bacteria were 
made from white grubs that had been feeding on diseased tissue. 
Out of 38 isolation trials from the alimentary tracts of white giiibs 
in 1930, only one culture of the bacteria was obtained. The method 
of isolation consisted in disinfecting the exterior of the insect by 
immersion for 10 seconds in mercuric chloride, 1 : 1,000, and removing 
the digestive tract, which w^as transferred directly to 100 cc of sterile 
distilled water. The vessel containing the water and digestive tract, 
after being shaken, w’^as allowred to stand for 30 minutes, when five 
l-(*c portions were plated on bile agar (19). Out of five isolation 
trials in 1931 from the mouth parts of white grubs which had been 
eating young hairy-root overgrowth tissue when collected the day 
before "and bn whfeh no surface disinfectant w^as employed, two 
cultures of the hairy-root bacteria were obtained. Eleven isolation 
trMs from^ the alimentary tracts of as many white grubs, when ^o' 
disinfectant was employed, were all negative. These studies are of 
a limited nature. However, the fact that some insects which habit- 
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yaily ffed upon tinderground plant parts may carry the hairy-root 
bacteria even for a short time is of significance in the life history of 
the hairy-root organism. 

Isolations from other insects gave negative results. Regardless of 
the significance that may be attached to these isolation studies, the 
fact remains that wounds produced are potential infection courts 
for the bacteria. 

Insect repellents—^paradichlorobenzene {9) and mercuric chloride 
(7, 10 )—^were employed in an effort to reduce the a uoimt of insect 
injury and consequently of hairj'-root infection on first-year trees 
in the nursery. Although 50 and .35 percent reduction in hairj' root 
was secured, the data are omitted because they are insufficient for 
definite conclusions. 

Insect barriers made of tre.ited cloth were tested. Cloth of un¬ 
bleached muslin, 50 meshes to the inch, was washed to remove the 
filler, and dried. Strips 4 inches wide were folded and sewed to make 
a sack approximately 1 inch in diameter and 4 inches long. The 
sacks were soaked for 30 minutes in a preservative solution of 29 parts 
(by weight) of copper oleate dissolved in 71 parts of gasoline. This 
treatment has been successfully used in the preservation of cotton 
fish nets in both sea and lake water {S8). The sacks were slipi)ed over 
the graft unions and fastened at the base by folding and securely 
wrapping with a strip of adhesive tape 4 inclies long by one half of 
an inch wide. Autoclaved soil was introduced from the top in suffi¬ 
cient amount to keep the cloth from contact with the union. The 
top of the sack was then folded and wrapped in the same manner as 
the bottom. Grafts wrapped with string and made from the same 
supply of scions and roots were used in this experiment. Five hundred 
grafts were fitted with sacks. An equal number without sacks w’ere 
planted alongside. The results taken at the close of the season showed 
about 6 percent of the sacked grafts and 24 percent of the controls 
infected. The cloth resisted decay until August, when an occasional 
sack had begun to show disintegration. Along with this treatment 
there was a growth-retarding action from the use of the sacks of about 
4 inches to the tree. Moreover, about IS percent more of the sacked 
trees than of the controls died during the summer. Although the 
reduced amount of disease for the sacked grafts may have been partly 
due to one or more causes besides the cloth barrier, the evidence ap¬ 
peared to warrant a repetition of this experiment. The following 
season a similar study gave more reliable results. For the sacked 
and control trees there were, respectively, 13.9 and 26.0 percent of 
disease, 75 and 76 percent of stand, ^d 32.6 and 34.4 inches of aver¬ 
age height. With so little difference in stand and height, the diff erence 
in percentage of disease appears important. The possibility of anti¬ 
septic action by copper oleate upon the hairy-root bacteria was tested 
but was not found to be significant. These experiments gave added 
strength to the idea of insect interference. 

INFLUENCE OF CONDITION OF HOST 

The entrance of the hairy-root bacteria into nursery apple trees was 
studied in relation to the susceptibility of the host as mfluenced by (1) 
thp time of the growing season, (2) tne age of, the tree, (3) the size* of 
the tree,^ (^) the variety of the tree, and (5) the previous infection of 
the tree,' 
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The period of the growing season seemed inunaterial so fai 
entrance of the organism was concerned. This was determined by 
making inoculations at weekly intervals throughout three growing 
seasons. Each week 10 trees were inoculated in the usual wa^'^ by 
introducing the bacteria through scalpel cuts in the stems in five places. 
The percentage of trees that became infected was used as the measure of 
the entry of the bacteria. The results for the three seasons are given 
in table 4. Except at sporadic intervals during the growing seasons 
studied, the trees permitting entry of the bacteria approached 100 
l)ercent, the averages for 1929, 1930, and 1931 being 97, 9(5, and 98 
percent. The apparent exceptions seem to be within the range of 
exiierimental error. The rapid falling off in the percentage of disease 
in S(»ptember I92ff was probably due to the early dormancy of the 
trees. Of the inoculations made on September 4 and September 11, 
50 and 0 percent, respectively, had become infected by the time of the 
last (ibservation in November. This idea was verified when in May 
1930 it was found that all the trees which had apparently become 
dormant the September before showed infection. Consequently, 
100 percent infection is shown in table 4. The bacteria had entered 
and overwintered in the wounds, ready to produce infection the fol¬ 
lowing spring. Corresponding inoculations in September 1930 and 
September 1931 produced disease symptoms in November. It aj)- 
j)ears, therefore, that bacteria will enter the host during any part of 
the growing sea.son and will produce infection if the trees have not 
become dormant. 


Tahle A--Wounded apple trees infected hy hainj-root bacteria at different periods 
during 1929^ 1930^ and 19S1 



'frees ui- 
ferted « 

: 

Date 

'I’ree'H in- 
fecfetl » 

, Date 

i 

1 _ 

i9i:9 

P( rerni 

1930 

Percent 

! 1931 

Ma> 15 - . 

90 

May 12 

100 

1 Maj 11.... 

Ma> 22 . 

1(H) 

Ma> 19 

KK) 

i ^tHy 18 

Ma> 29 

KK) 

May 26. 

KK) 

1 May 2.5 .. 

June 5. 

100 

June 2... - 

KK) (1 June 1 , . 

KM) jj June 8 

50 June 1.5. 

100; June 22 .. 

June 12 

June 19. 

KK) 

90 

June 9--- 
June16 . . 

June 26 

KK) 

Juno 23.. 

July 3 

100 

June 30. . 

KK) 

1 June 29 

Jul> 10 

100 

July 7 , 

KK) 

! July 6 . 

July 17. i 

90 

July 14_ , 

• KH) 

: July 13-. 

July 21. 

KK) 

July 21 . . - - 

100 

1 July 20 

July 31. 

100 

July2H., . . 1 

KH) 

July 27. 

Aug 7.. 

100 

Aug t- . 

90 

1 Aug 3, 

.Vug. H.. 


Aug 11 

W) 

Aug 10 

Aug. 21. 

ioo 

Aug 18. 

KH) 

Aug 17. 

Aug. 2K 

80 

Aug. 2.5 , . - . 

100 

Aug 24. 

Sept. 4 . 

100 

Sept. J_ 

100 

I Aug 31.. . 

Sept 11 . 

100 

Sept 8. - . 

I 

100 

Sept 7, 

Sept 14 


Trees in¬ 
fected • 


' Ptrcntf 
JOO 

I 100 

, IIK) 

](K) 
‘♦0 
100 

‘ 100 

: W) 

I ItK) 

I UK) 

I 100 

100 
UK) 

I J(K) 

90 
90 
100 

: 100 

1 lOO 


• 10 trees were inoculated each week 

»' For explanation see paragraph above table. 


The age of the nursery apple tree, in this region where trees are 
grown only 2 years, did not seem to influence susceptibility to infec¬ 
tion by the hairy-root bacteria. Inoculations made in 1929 on rtrst- 
and second-year trees showed 85 and 93 percent of infection, respec¬ 
tively, and inoculations made in 1930 and 1931 showed 97 percent of* 
infection bn both firet- and second-year trees. An average of *40 
trees, each wounded in five places, was used in each part of the tes.t. 
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All sizes of growing? apple trees were found infeeted in the sann^ 
field under natural (‘onditions. Each year, at the end of the growing 
season, representative first-year tiees were selected, examined for 
disease development, and measured for height. A graphic* presenta¬ 
tion (fig. 2) of the data accumulated during the 1929 season serves to 
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Fnii'KK 2 Distribution in t020of healthy and hairy-root diseased l-jear-old apple tree's in croups baseii 

on tieight of trees m inehes 


bring out the distribution of the diseased and healthy trees with re¬ 
spect to the different size groups arbitrarily chovsen. For gra[)hing, 
all the trees were placed in size groups differing from ea(‘h other by 
intervals of 4 inches, e.g.*, (1) less than 12 inches, (2)12 to 1 b inches, (3) 
1(> to 20 inches, etc. These data showed a fairly even distribution of 
both diseased and healthy trees over the range of size groups. A simi¬ 
lar study on second-year trees (fig. 3) gave similar results. Sincc^ all 



FKiURL 3 —Distribution in 1930 of healthy and hairy-root diseased 2-year-old ajiple trees in groups based 

on height of trees in inches. 


sizes of trees may be found infected in the field it seems logical to con¬ 
clude that size is not an important factor in susceptibility of trees to 
infection by the hairy-root organism. Further evidence in support 
of this conclusion was derived from an experiment in which 311 trees 
as they came in the row were inoculated; subsequently, 95 percent 
were found to have become infected. When compared as to size it was 
found that most of the 5 percent which resisted infection fell into the 
•more numerous middle-sized groups. 

Varietal susceptibility to infection by the hairy-root ‘ organism 
dyfered widely among the varieties of trees studied. That not all 
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varieties of apple are ecpially sus<*eptil)le to the hairy-root disease fia*s 
been recognized by different workers, including Hedgcoc’k [12), who 
reported as the result of a country-wide survey that the Ben Davis, 
Wolf River, and Northern Spy varieties especially were attacked in the 
nurseries. The present study was made on the relative susceptibility 
of the varieties of apple trees commonly grown at Topeka, Kans. 
[jate in May 50 inoculations w^ere made in each of 20 varieties in 1030 
and in eacdi of 37 varieties in 1931. Twenty-seven of the same varieties 
appeared in the tests both years. The varietal names were che(‘ked 
with ‘'Standardized Plant Names’" [2), the local names being retained 
when the variety did not appear in the standard list. Two names are 
given for some of the varieties. After 2 months of incubation the 
overgrowths w('re cut off even with the stem surfa(‘e, wj-apped in 
moist i)aper, and taken to the laboratory. The following points were 
recorded for each variety: (1) The number of inoculations giving 
positive reactions, (2) the volume displacement of hairy-root tissue. 
(3) the wet weight of haiiy-root tissue, and (4) the dry weight of hairy- 
root tissue. 

On the basis of the percentage of wounds irdected, the different 
varieties ranged in susceptibility from 12 to 100 ])ercent in 1030 and 
from 22 to 100 percent in 1031 (table 5). Three of the 27 varieties 
appearing both seasons (Fameuse, Florence (crab), and Livland 
Raspb(u*ry) gave the same percentap^ of positive inoculations; three 
others (itopa (crab), McIntosh, and Wealthy) gave a lower ])ercent- 
age of positive inoculations the second season; the remaining 20 vari¬ 
eties showed an increase in the percentage of positive ino(‘ulations the 
second season. For example, the Yellow’ Transparent variety had a 
susceptibility to infection of 4S percent in 1930, and 82 percent in 
lt)31. On the basis of growth, the varieties showed some differen(‘e 
with resfiect to one another and <‘onsiderable dilference with respect 
to the season. The average amount of hairy-root growth for eaidi 
])()sitive ino(*ulation was (‘alculated on the three bases already given. 

wSince the three different measures of hairy-root development showed 
such a close correlation, only the lirst one need be discussed. Tlie vol¬ 
ume grow^th in cubic centimeters of the different varieties ranged from 
0.31 to 1.71 in 1030 and from 1.00 to 4.04 in 1031. Without e.xception, 
in the 27 varieties appearing both seasons a (*onsiderably larger grow th 
of diseased tissue 0 (‘<‘uiTed the second season. When the varieties w ere 
grouped the average grow th of diseased tissue in 1931 was approxi¬ 
mately 300 percent of that of 1030. These studies indicate that vari¬ 
etal differences in susceptibility to the hairy-root organism are im¬ 
portant factors in the infection and development of hairy root. 

In 1020 50 second-year trees which had become diseased the lirst , 
season w'ore wounded by deep punctures made with a ixunted blade 
above, below, and at either side of the union, at least 1 cm from the 
enlargements; 25 other diseased trees were kept unwounded as con¬ 
trols. A group of 25 healthy trees were wounded about the union in 
the manner described above; 50 others were left unwounded as con¬ 
trols. The soil in w\hich the trees were growing w’as infested with the 
hair;>r-root bacteria. Of the diseased trees, 24 percent of those 
wmuhded and 12 percent of those left unw^ounded showed new^ infec-, 
tions at the end of the year; of the healthy trees, 28 percent of the 
wounded and 14 percent of the unw’^ounded became infected. This 
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study revealed the fact that new infections occurred whether the trees 
were diseased or healthy. Moreover a number of new infections oc¬ 
curred in the same series where no wounds were made, the majority 
of these infections appearing at the union or above it on the scion. 
Numerous observations in the field confirm* these findings. Appar¬ 
ently previotis infection of nursery apple trees does not produce an 
immunity to later infection. This is in accord with the results ob¬ 
tained by Sjuith et al. (36), Brown (5), and Riker (22), in their 
work with crown gall. 


Table 5. —Results of tests made during 19H() and 19St in Kansas on the relative 
susceptibility of 38 varieties of nursery apple trees to infection by the hairy-) oot 
organism " 


Inoculation^ 
I positive 
Viiricty I 



— 



1930 

1931 


/Vr- 

/Vr* 


cent 

cent 

Anoku ... . . 

34 

76 

Arkansas. . 

20 

.56 

Baldwin. 

42 

80 

Beauty (crab) 


34 

Ben Davis. 

72 

88 

C'ortland. 

1(X) 

__ 

Delicious - 

02 

94 

Dolgo (crab). 


98 

Early Cooper.. .... 

98 

100 

Early Uar\ esi.. . 

20 

68 

Fampu.se '•. 

94 

94 

Florence (crab) . 

00 

60 

Oaiio 1 , 

30 

100 

(lanoJI... . 


92 

Grimes Golden. 

;i8 

84 

Ilopa (crab) . 

38 

22 

Uyslop (crab) 

98 

JOO 

Jonathan . 

50 

92 

l.iivland Raspberry . . 

KKi 

](K) 

McIntosh. 

38 

36 

M inkier__ . _ _ . 


70 

Maiden Blush. . . 

' ' 80 

90 

Northwestern Greening... ..... , 

. . . - 

90 

Oldenburg f _ _ 


96 

Kambo... 

r ” 08 


Red Astrachan . . 

88 

98 

Red June... 

. . 

98 

Rome Beauty . . 


:40 

Stayman Winesap . 

12 

86 

Tolnian Sweet... 

54 

84 

Turley. 


74 ! 

Wealthy..... 

74 

72 i 

Whitney (crab). 

14 

68 

Willowtw’ig___ ... 


98 ' 

Wilson June . . 

.. _ _ 

96 

Winesap.. . .. . 

24 

90 

Winter Banana_ 

00 

86 

Yellow^ Tra nsparent. 

48 

82 

York Imperial-.. 

16 

66 

Average».. 

52 

78 


Averajie growth of reactions measured by-- 
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- 


“ 

— 
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1930 

1931 
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1931 1 

1930 

19.11 

Cc 

re 

Crowi.'i 

drams ' 

drams 
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1 58 

0 51 

1 .32 1 

0 12 

0 27 

, 05 

1 21 

f>0 

1 00 

10 

18 

31 

1 10 

.20 

I 05 1 

05 
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I 03 

_ 

19 

39 

1 89 

38 

1 50 i 

07 

27 

.88 


80 


19 


.45 

1 70 

30 

1 57 1 

07 

37 


3 .>1 


.3 08 


f)0 
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3 7S 

1 40 

3 13 

20 

61 

69 

1 50 

.59 

1 33 

1.5 

27 

1 49 

3 77 

1 41 

3 4(> 

22 

00 
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3 33 
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18 
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.,50 

3 04 

45 

2 77 

07 

62 


1.72 


1 63 


29 

.80 

1 38 

07 

I 24 
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27 

42 

1 45 

34 

1 07 

08 

20 

1 39 

3 80 

1 28 

3 72 

25 

76, 

.61 
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55 

2 39 

. 10 

17 

I 31 

2 14 

1.19 

! 1 87 1 

21 

40 

60 
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57 
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14 
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19 
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2 31 

_ 

I . 39 


4 04 


3 37 


1 07 

‘ ' 42 

2 24 

.37 

2 03 

07 

1 44 

.47 

1 00 

.40 

.87 

.08 

t i"’ 

62 

2 02 

52 

1 83 

. 11 

! '^7 

.44 

1 18 

39 

.94 

. 10 1 21 

,69 

2 16 

.01 

1 91 

. 12 

1 

1 


«.*>0 inoculations were made on each variety. 

Mammoth BlatJk Twig. 

'■ Snow. 

Black Ben. 

* Livland Raspberry. 

/ Duchess. 

« These averages represent the 27 varieties occurring laith seasons 
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LOCATION OF ORGANISM WITHIN HOST ‘ . 

The location of the hairy-root orj^anisni in the host tissues was 
another pliase of the life history studied. Studies on the location of 
the crown-^all orpinisin* in the tissues of several hosts were made hy 
Riker (^/), Robinson and Walkden (.9;^), and Ivanoff and Kiker (IS). 
Jiecause of its siinihirity to the hairy-root orj^anism, the studies on 
the crown-j^all organism suggested methods of approach for this work. 

The hosts selected for this study w^ere Paris daisy and a})ple. 
Inoculations were made only on young stems of vigorous plants, from 
1 to 4 inches helow^ the apex. The method of inoculation was by 
needle puncture through a drop of a suspension of the bacteria placed 
on the surface of tlie stem. (Vmtrol punctures were made without the 
ba(deria. Inoculated and uninoculated stem specimens were prc'pared 
for study, at intervals of 1 hour, I, 2, 4, S, and 10 days after treat¬ 

ment. This material was examined both in the fresh state and when 
emhedded in ])araffin after being fixed in formalin acet’c-alcohol. 
Parallel series were pref)ared in wdiich the inoculum cuuisted of 
hairy-root bacteria mixed with Phyfomonas insidiosa (McCulloch) 
liergey et ah, a (Jram-j)ositive organism, and hairv-rout hactera 
mixed with india ink. These mixtures, devised to aid in the location 
of the hacteria in the tissues, are similar to those used by Ivanotf and 
Riker (IS). Of a large* number of staining combinations trieit, includ¬ 
ing the use of Oram’s stain in studying the mixture of oiganisms, tl e 
staining procedure found most satisfactory w as to immerse the }3rei)aia- 
tion for about 1 second in elilute safranine, 1:1,000, followed by the 
light-green counterstain. 

Relaticms of the hairy-root organism with the host are appan ntly 
first begun in the liepiid released by the wounds. When wouruls were 
made in the stems of Paris daisv and apple, there was a w'ater-soaking 
of the neighboring tissues similar to that described by Riker (^?7) in 
tomato. These juices, liberated from the cells by the wound, flooded 
the n(*ighboring intercellular spaces for a short distance from the 
wound cavity. The hacteria were observed in the wound cavity and 
for some distance between the cells in the surrounding host tissues. 
Th(* bact<‘ria, operating uiuler a complexity of forces, as suggested by 
Ivanoff and Riker (IS), become distributed in the wound juices that 
ordinarily fill the neighboring intercellular spaces. 

In the fresh material the hacteria appeared to fe located in the inter¬ 
cellular spaces in both Paris daisy and apple stems. For example, 8 
days after inoculation a comparison of both Palis daisy and a|'ple 
tissues w hich had received control punctures w as made. The crusl ed 
tissues bordering the wound cavity in both inoculated ami uninocu¬ 
lated stems were discolored. The inoculated stems had an intercellular, 
discoloration spreading out into the tissues for a short distance from 
the path of the needle. It varied from a pale yellow^ to a brown and 
w^as especially marked in the tissues outside the cambium. None of 
the uninoculated tissues sliowed this discoloration. From the limited 
studies made the position of the discoloration, whether in the w alls 
or in the niaterial betw een Uie cells or in both, could not be determined 
witli finality. However, in the section examined, it seemed to he 
pvesent in both places in varying amounts. The extent of the discolor^ 
ation between the cells from the edge of the wound seemed to eoiTe- 
spond rather closely to the area which appeared w ater-soaked w hen the 
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v/oiind was imtle, roughly a distance of JO to 20 cells. The fact that 
outside the path of the needle only the inoculated tissue became dis¬ 
colored indicatetl that this condition was caused by the presence of 
the bacteria. 

Tlie fixed Paris daisy material, whether stained or unstained, was 
found to contain tlie bacteria in the spaces between the cells. Sections 
were cut from 10m to 20m in thickness. After inoculation the unstained 
tissues showed discolorations similar to those of the fresh material. 
A yellowing of the regions apparently invaded by the bacteria became 
evident 4 days after inoculation; 8 days after inoculation the color 
became deeper, almost brown. Staining dyes showed a strong affinity 
for these regions, so that the bacteria, if present, were obscured. In 
some sections the use of india ink or (iram-positive bacteria tnade 
the invaded intercellular spaces more distinct, although their position 
and extent seemed to be the same. It was generally found that the 
discolored regions in 8-day-old preparations took the (lyes very readily, 
making the bacteria difficult to see. Starting from the wound, seandi 
was made for the bacteria. Only cells that had be(m injured were 
observed to contain bacteria within them (fig. 4, .1). The bacteria 
could be traced for short distances into the inteieellular spaces. In 
the pith of Paris daisy there are (‘omparatively large intercellular 
spaces. Photomicrographs of a cross section and longitudinal section 
of stems 8 days after inoculation showed deeply stained material in 
these intercellular spaces (fig. 4, B and ('). \\llh high magnification 
the bacteria are visible in such locations (fig. 4, />). 

Studies of the apple stems involved preparations similar to those on 
Paris daisy, and showed the bacteria to be similarly situated. Tlu» 
extent of migration of the bacteria into the tissues outside the xyleni 
from the path of the wound seemed even more limited than for i^jris 
daisy. Moreover the fiacteria were observed to stimulate hyperplasia 
only in the tissues outside the xylem. 

'the presence of the organisms l)etween the cells of the tissues border¬ 
ing the wound stimulated a multiplication of the cells in those locali¬ 
ties. This change appeared to begin about 8 days after inoculation. 
All the tissues were examined less .than 10 days after inoculation. 
(h‘oss sections of stems made 8 to 10 days after inoculation revealed 
the presence of circular areas of hyperplasia (fig. 4, E and F) outside 
the xylem. Variable in number and from one to several cells in radius, 
these areas were in close proximity to the wound borders and appeared 
to be about the intercellular spaces containing the bacteria. For a 
distance of from 1- to 10-cell diameters away from the center of such 
localities the cells were stimulated to division in a tangential plane. 
This W 7 XS the condition 16 days after inoculation. Bacteria have been 
observed usually at the centers of such areas, w hich when stained stand 
out distinctly in strong contrast to the surrounding tissues. The 
development of hairy root after the formation of the hyperplastic 
areas is an important phase of the disease requiring further investi¬ 
gation. 

In the injured xylem vessels the organisms appeared for a short 
distance from the wounds in both cross and longitudinal sections of 
apple and Paris daisy stems. In some longitudinal stem sections of 
Paris daisy it was common for the bacteria to be present in the vessels 
to the end of the section. Stem cross sections above and below the 
wounded area show:ed the bacteria to be present within the vessels 




Fi(jI’Kk4- rhotoniKTopraplisshowinti tln^lorahcm o! the huir.V“i<H)l baeterja .1, Cross section of n Vans 
daiwsy stem 4 days jiftei puiictuie iiiocuIhIioh, showing the bacteria within injured host cells anti in the 
neiKhborin^r vessels X 270 /i, C'ross section of a Vans (iaisy stem h da>s after puncture inoculation, 

showing discolored intcrcellijlar spaces which contain the hairy-root ba(‘tern X 270 C, r.onKiludinal 
section of a Vans daisy stem k da.vs afi^r iuincture inoculation, showirif? discolored intercellular spaces 
w’hich mark the position of the hairy-root bacteria X 100 fJ, l-onjiitudinal section of a Parisdaisv stem 
dii^'s after puncture inoculation, show in^ the hairy-root bactena in the mteicellular space. X 5f>0 A*, 

(•ross sect ion of an apple stem S days after jmnciure inoculation with the hairy-root organism, show inu the'* 
position of the circular areas of hyperplasia in relation to the host tissues and to the wound X 'Mk A, 
Another cross sect Ion of an atiple stem slKtwung the position of the circular areas of h v perplasia m t he host 
tissues above ami lielow’ the wounds X 2h0 
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(fig. 4, .1). Because no changes in these tissues were observed, the 
presence of tlie bacteria in tlie vessels appeared to be of no importance 
in bringing about infection. 

Several thousand iiUMudations made on unwouiided apple trees 
failed to produce infection. Symptoms of hairy-root infections in¬ 
duced by inoculation have invariably originated at the point of inocu¬ 
lation. This characteristic of hairy root is in accord with the limited 
migration of the bacteria from the wound cavity found in the studies 
on the location of the ba(‘teria. 

A study of the location of the bacteria in the older ti.ssue was 
continued with bacteriological tecdmic. 

The bacteria seemed to be most abundant in the soft outer tissues 
of the enlargement. This was determined from isolation studies in 
wliich the writer used the technic described earlier. The interior of 
the basal enlargen cuts of hairy root consisted chiefiy of xylem ele- 



Fnii'RE Section of ft tiiiiry-root uverirrowUi after u in-mirniie exposure to the an, ‘.hovMim tlie vvtnie. 
hfir<l interior tissues and the soft outer tissues which have discoloriHl in the air and hicli u^iialh contain 
the hiiiry-root bacteria. Actual size 

rnents. For soire distance beneath the surface tw o tissues are para¬ 
mount in the enlargement—the hard, wdiite, woody interior, and a 
soft, almost colorless, cortical exterior of varying thickness. Exposure 
to the air for a few minutes caused these soft outer tissues to becoiue 
brown as if oxidized. The vascular tissues remained unchanged 
5). 

The bacteria wer(^> isolated consistently from the surface and sub¬ 
surface parenchymatous tissues of the enlargements. In order to 
clarify the position of the bacteria in the enlargements, isolations were 
made from different tissues. Different kinds of enlargements com¬ 
mon to the nursery, approximately 50 piercent of which were hairy 
root and the remainder principally wound overgrowth, were token 
* at random and isolations made. In a series of 152 isolation trials* 131 
series of platings wmre made from the surface, 152 from the subsurface, 
and 152 from the deep interior. The surface tissue yielded the largest 
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percentage of the organism, or ‘M) percent (table 6). In sainplin^.tlie 
surface tissue soil particles were sonietiines unavoidably included. 
The sul)sui*face parenchymatous tissue was removed aseptically and 
yielded infectious bacderia in 3S percent of the isolation trials. From 
the deep vascular tissije the bacteria were obtained only from dis¬ 
colored areas where soil particles were imprisoned. It should be 
noted in the table that> non[)athogeni(* l)a(‘teria, liaelUus radiobacter 
Beij. and Van I)el<l., were uniformly ol)tained in considerable quan¬ 
tity. The siji:nitican(‘e of these nonpatho<J:enic bacteria has not been 
determined, flowever, the lo<‘ation of the bacteria at the surface of 
I be enlarj^ements is of importance in relation to the soil. 

0. Sumimvy of isolation studies from the different tissues of representative 
enlaigements found in the nursery " 


'Pissiu* ovatmiHMt 


Isoladori 

trials 


Knlarpeiiu*nls jioldmj; - 


i 

Phytomnnnif i Nonpatho- , 
rhizogrmn yeiuc iiacteria, 


No hactcna 


Xinnhtr ' Pentut Ptniut , Pficent 

Siirfair paioncliytnutmis . _ ... . I3l 39 , 3‘j ' 

Sutisuifaci'[)an‘nch> maloiis r>2 , 2s i :U 

Ot‘(‘p mliTior Musfiiliir . 1.V2 1 | '2( 97 

I _ i 

'* \(* Clou n fialls utMc mcludcMl amonti tlu*>o specimen'' 

■''I'hc deeji interior tissue .Melded Phi/totnnnas riozogduif oiil> from discolored tissue contiiinini: sod 
pal tides 

f NonpathoKenic dacleria also uere obtained only fioni dis{<dored tissue containini; s(»il particles 


SOIL RELATIONS OF ORGANISM 

The bacteria were found to be abundant on the surface of the 
hairy-root enlar<z:cn’ents. The most promising n ethod of studying 
this pi’oblem seemed to be dependent upon the production of infections 
under a])])ro\imately aseptic ctmditions away from comiron soil con¬ 
taminants. The production of hairy root under these (‘onditions has 
been worked out by Biker, Hild(‘brand, and Ivanolf where the 
technic is ^iv(*n, Exaiiij)les of the diseased s})ecinu'ns produced by 
this method an* (h'seribed. Briefly, the technic consisted of fittmi** 
^lass cylinders around the stems of apple and sealing them so as to 
exclude all micro-organisms, except the hairy-root bacteria, used in 
makinji; the inoculations. At intervals of 9, 10, 13, 15, 17, 10, and 21 
weeks after inoculation the specimens were taken for study. The 
surfaces were sterilized by immersion for 15 minutes in a 2()-percent 
solution of a sodium hypo(‘hlorite preparation, known as “ Bacillikilh’, 
which contains 3.5 percent of sodium hypochlorite by weif^ht. Tin* 
disinfectant was removed by washin<^ through three changes of steril^' 
distilled water. In an effort to recover the organism, bile-a^uir^ 
platings were made of the sterile distilled water in which the sj)ecimens * 
were allowed to be immersed for intervals of 1(1 minutes, 1 hour, 4 
hours, 1 day, and 2 days.^ Hairy-root bacteria were obtained in the 
w^ashin^s of all the specimens and for all the washing intervals tested. 
One control specunen gaye off no bacteria; a crown-gall specimen 

vielded the crown-gall bacteria. 

*_•_ 

* s This technii! wtis developed after consultation with \V. M. Baiifteld, Department of Botany, University 
of Chicago. • • 
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A parallel exit study, whieli wa'i conducted on disease specimens 
prod\iced in ti\e soil, gave similar results. Four specimens, inocu¬ 
lated, respectively, 2, 4, 6, and 8 weeks previously, were used in this 
study. These specimens were washed free from soil particles in such 
a manner as to produce no injuries. They were then sterilized and 
washed free from the sterilizing solution as in the preceding experi¬ 
ment. The specimens were placed for 1 hour in sterile distilled water 
l)efore the water was plated. After an incubation period of 1 week the 
hairy-root ba(‘teria were obtained from the platings of specimens of 
all four ages. The proof of the identity of the bacderia saved from 
these isolations was established by positive inoculations on a})ple. 

The bacteria were found rather often in the soil near the hairy-root 
formations. In 1929, 10 isolation trials were made at eaxdi of three 
lO-day intervals, starting May 28. TJic technic employed was as 
follows: P>>r each trial a sample of about oOO g of soil was remo\('d 
from around a hairy-root formation and taken to the laboratory. 
After a thorough mixing, a sample of 20 g was weighed into a llask 
containing 200 g of sterile distilled water. This was shaken and al¬ 
lowed to settle for about 1 hour. One cubic* (‘cntimeter of the super¬ 
natant li((uid was then transferred to each of three Petri dishes. 
Loop dilutions from each of these were made to three other dishes, 
respectively, containing 1 c(‘. of sterile distilled water. liile agar was 
added, and the plates were then allowed to incubate at room temiiera- 
ture for I week, after which an examination was made. The per¬ 
centage yields of the hairy-root organism in the three su(*(’essive trials 
of this experiment were 40, SO, and 00, respectively. The bactcu’ia 
were obtained in IS of the 30 attempts, or 00 percent. 

A similar study, consisting of 10 trials conducted on soil taken from 
around healthy unions, were all nc^gative. Since the bac*teria weie 
c»btained relatively c'asijy from random samjiles from the nursery soil 
this may seem unusual. However, in securing these samjiles soil was 
taken from around trc'es of a poorly knotting variety where there was 
less chance of soil contamination. 

A 3-day-old growth of bacteria from six large prescription bottles 
i^as poured into a cubic foot of soil stored in the field, and the* same 
treatment w^as given a similar amonirc/of soil kept in a storage cellar 
These soils were ’.noculat (‘d in October 1930, and three isolations w ere 
subsecjuently made from each soil at monthly intervals, through 
April 1931. The soil stored in the cellar yielded the bacteria in 2i) 
out of 21 trials; the field soil yielded the bacteria in 19 out of 21 trials. 
It is apparent from these experiments that the bacteria may over¬ 
winter in soil kept in the field or with mirscrv stock stored in the cellar. 

The longevity of the bacteria in field soil has been found to exceed 
1 year both in Wisconsin and in Kansas. At Madison, Wis., steamed 
soil inoculated with the hairy-root bacteria in the summer of 1928 
yielded the bacteria in 2 out of 4 trials in April 1929 and in 1 out of 4 
trials in October 1929. Prield soil inoculated in the summer of 1929 
yielded the bacteria in 1 out of 3 trials in October 1930, and in 0 out 
of 3 trials in April 1931. In 1930 an attempt was made in Kansas 
to recover the hairy-root organism from th^' soil of four fields that had 
grown or were growing nursery apple trees. Fields 1, 2, 3, and 4 had 
§;rown trees during 1927 and 1928, 1928 and 1929, 1929 and 1930, 
1930 and 1931, respectively. At five different intervals‘(June 3, 
June 17, July 11, «Tuly 30, and August 28), 10 soil samples from each 



MHy 1 . 0 , Hairy-Root Organinm on Nursery Apple Trees . 881* 

were collected at random from a <lepth of about 4 inches an’d then 
mixed for each field, riatings were made according to the technic 
of the previous season, except t*luit four instead of three l-cc samples 
were taken for each flask. The results show that tlie bac’teria were 
y)resent but were not vejy abundant in three of the fields. Briefly, 
from a total of 20 trials for eacli field, the hairy-root bacteria were 
obtained in 0, 20, 25, and 80 percent, respectively. Only in field 1, 
from whi(‘h the trees had been removed 2 years previous, were no 
ba(*teria oirtained. The presence of tire Iracteria in field soil from which 
the trees had been removed a year previous (field 2) and their absence 
in soil which had grown trees 2 years previous (field I) indicated the 
length of tinu' after inoculation that bacteria could be isolated from 
tire soil. Isolations were again attempted in May 1081 from fields 2, 
8, and 4 and from the soil of the new graft field, which the season 
before had grown apple .seedlings. Field 2 failed to yield the bacteria, 
although it had done so the previous season. Fields 8 and 4 and the 
new graft field yielded the bacteria in 25, 25, and 50 jrercent of the 
trials, respectively. The presence of the f)act(uia in th(‘ graft field 
in May in so short a time after the gi’afts were ydanted may perdiaps 
be trac(‘d to the gi'owth of seedlings in this field (he previous season. 
These results coiTes])ond in general to those sc'cured by Patel (:^()) and 
Baiifield (d) for tlu' length of time crown-gall bacter^ia could surwive 
in unsterilized soil, 

DISTRIBUTION AND TRANSMISSION OF ORGANISM 

Although nursery stock ma\ be inspected and diseased ti’ees 
d(*stroye(l, it is dillicult to find the irndpient stages and impossible to 
tind rec(*nt infections. Moreover, healthy ydants may <*aiTy the 
bactei’ia on tli(‘ir roots. In 1929 a consignment of afiparently liealthy 
Wealthy ap|)le gr*afts \ver*e planted at Madison, Wis. (2d), in lieds of 
soil that had been steamed. At the close of the growing season some 
of the trees had ovrugr’owths at their unions. Twenty trees sliowirig 
these malformations were selected at random. Isolations from 14 
yield(‘d typical haiiy-rx»ot Iracteria. Tire probability that these bac¬ 
teria entered the ti*ees from the steamed soil is remote, hence they were 
probably carTied either irr tire urriorrs or on the surface of the roots. It 
seems fairly obvious that the part played by shijrrnents of nursery 
sto(‘k is important in the widespread dissemination of the disease. 
This may a(‘corrnt for its preserr(*e in prardically every region where the 
host plant is gr’own. 

The seedling root was found to be one medium of transmission of 
the causal organism frojrr one crop to the next. Siegler and Piper 
(d5) reported that ‘Mhe seedlings may in rratur-e (*arry surface-borne 
organisms in qirantities sufficient to be considert'd an important source 
of inoculum.” Isolation trials from washings from certain seedling 
roots have yielded the bacteria. Three-inch piec'es from 2fi different 
seedling roots were placed in test tubes partly filled with sterile dis¬ 
tilled writer. Platings were made from the w^ater 4 hours later. 
Hairy-root bacteria.were obtained from 24, or 92 percent, of the speci- 
meiis, indicating that the seedling is at least one of the primary sources 
of jikiculum. This and other evidence obtained from these life-history ^ 
studies points to grafting time as the time when the principal primary 
infection of the apple tree takes place. The presence in the soil of 
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primary infections, resulting from the entrance of the bacteria at 
grafting time, together with the various wound-producing agencies, 
are the factors which would seem to account for the secondary spread 
of the disease. 

SUMMARY 

In studies of infectious haiiy root special consideration has been 
given to the life history of the causal organism in relation to its patho¬ 
genesis on nursery apple trees. 

The differentiation of hairy root from (u*own gall and from w^ound 
overgrow th has been repeated and confirmed. 

The entrance of the bacteria into the host plants was found to be 
ac(‘omplished only through wounds. The bacteria were able to pro¬ 
duce infection if placed only on the surface of the injuries. 

The type of w’ound apparently made no difference in the kind of over* 
grow ths, but did iniluence somewhat (1) the length of the incubation 
jieriod, (2) the percentage of inoculations producing infe(‘tion, and 
(8) the size of the reaction. Extremely shallow wounds were found 
to be poor infection courts. 

Wounds on the underground stems of nurseiy ap])le trees in the 
field remained open for infection a relatively short time, averaging 
about 2 days. 

Callus was found ordinarily to be a barrier against the invasion of 
the hairy-root organism. wShallow wounding of callus only occasion¬ 
ally resulted in infection by the bacteria. 

insects appeared important in producing injuries that led to hairy- 
root infection. Root-feeding insects have been (‘ommonly observed 
during three growing seasons in the soil about nursery a[)y)h‘ trees. 
During the study of diseased and healthy trees, insects fre(|uentiy 
have be(Ui seen eating*hairy-root and fiealthy tissue. Infected lateral 
roots were occasionally o])served in positions that could have been 
reached only by insects. The development of new^ infections through¬ 
out both the first and second growing seasons in Kansas was most 
easily ex})lained as due to the agency of inse(*ts. 

SevtTal experiments suggested by the observations on ins(H*ts 
indicated a relation of insects to haj>y root. The hairy-root bacteria 
were isolated from white grubs. Isolations from other ijisects gave 
negative results. Insect repellents in preliminary trials reducocl the 
amount of hairy-root infection. Insect barriers considerably reduced 
the amount of hairy root. 

The time of the growing season seemed immaterial so far as tlu^ 
entrance of the organism was concerned. 

The age of the nursery apple trees in Kansas, where trees are grown 
only 2 years, did not seem to influem^e susceptibility to infection by 
the hairy-root organism. 

All sizes of nursefy apple trees were found infected in the same field 
under natural conditions and all sizes became infected when inoculated 
with the causal organism. 

Varietal susceptibility to infection by the hairy-root organism 
differed wddely, ranging from 12 to 100 percent for the 29 varieties 
studied in 193b, and from 22 to 100 percent for the 37 varieties studied 
in 1931. ‘ . 

•Previous infection of nursery apple trees apparently did not prevent 
subsequent infection. 
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The liHiry-root organism appeared to begin its relations with <lie 
host tissues in the licpiid released by the wounds. 

The liaeteria appeared to be located in the inter(*ellular spaces in 
both Paris daisy and ajijde steins. 

The presence of the organisms between the (‘ells of the tissues bor¬ 
dering the wounds stimulaU'd a multiplication of the (‘ells in those 
localiti('s, wliich result(»d in the formation of somewhat circular areas 
of hyperplasia. 

The development of infections without wounds has not bi^en 
observed on apple trees. 

The ba(‘teria were isolated from the surfa(‘e and subsurfa(‘(' [)ar- 
(MH‘hymatous tissu(\s of the (mlargements. 

The ba(‘teria were found to be abundant on the surface of the hairy- 
roo< enlargements. 

The bacteria were found often in the soil near the hairy-root 
formations. 

The bacteria overwintenal in soil kc'pt (uther in the ji(‘ld or with 
nursery sto(‘k in the storage c(‘llar. The longevity of the bacteria 
in liehi soil which had Ihmui st(aim('d or left imtn^atc'd has been found 
in (‘\(‘(‘e(l 1 year. 

The bact(‘ria may be spread long distanc(\s by shi[)ments of nursery 
sto(‘k The siH'dling root was found to be one nuHliiim of transmission 
of th(‘ causal organism from one croj) to the next. 
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SEASONAL DEVELOPMENT OF HAIRY ROOT, CROWN 
CxALL, AND WOUND OVERGROWTH ON APPLE TREES 
IN THE NURSERY* 

B\ A J. Rikkh, agent. Division oj Fnnt and Vegetahli ( ntps and J)iseas(s, Durcau 
of Plant Indnstrip Vnittd States Department of Agncaltme, and professor of plant 
pathology, I'niversity of Iand E. M. JIildehk^M), forniurlv agents 
Division of Fruit and Vegetable (^rops and Diseasis, liureau of f*lant Industry, 
I 'rnted States Department of Agriculture • 

INTRODUCTION 

The seasonal developinent of hairy root, caused })y Phuiomoini^i 
rhizogenes Hiker et al., crown gall, caused hy Phijiomojias tumefaciens 
(Smith and Town.) Bergey et al. (synonym, Hacierium iumefaelenK 
Smith and Town.), and wound overgrowths on apjdo trees in the 
nursery has been studied in relation to certain factors that might 
influence the initiation, developjuent, and control of these (Iis(»ases. 
This work was undertaken as a part of the ju'ogram on the complex 
graft-knot problem. After the ditferenliation of these various dis¬ 
ease's from one another, a sii(*cessful effort was made by the senior 
writer and his associates (S, lOV to induce them at will under con¬ 
trolled conditions. A study was then made by Hildebrand (4) of the 
life history of the hairy-root organism in relation to pathogenesis, 
with special emphasis on the mechanism of infection. In connection 
with tlu'se lines of work, it ap|)eared desirable to know at what times 
these overgrowths on nursery apple trees wt're initiated, under what 
(‘onditions tlu'y develop('d, and the relative importan(*e of the infec¬ 
tions periods. 

This study was made in eastern Kansas near the center of the 
region wdiere |)iece-root apple grafts are ])lanted in large numbers, 
where apple seedlings are grown, and wlu'n' hairy root has occurred 
with a frecpiency satisfactory for detailed study. (\)ntrol measures 
which had proved adecpiate in other places often either failed or were 
only moderately succes.sful in this locality. This fact em|)hasized 
the value of the location for studying one of the most dilficult |)hases 
of control; conse(|uently tlie analyses presented are of a severe rather 
than an average situation. The observations and experiments (*ar- 
ried out in considerable detail in eastern Kansas w('re correlated with 
findings in other nurseries. At least oiwe every fall the results were 
compared with those secured in Iowa, Minnesota, Missouri, Ne¬ 
braska, Kansas, Oklahoma, and \Vis(‘onsin. 

A preliminary statement of some of the earlier phases of this work 
has already appeared ill), 

‘ Keceivetl for iHjblK'atU)!! Of! ;U), 19;u, is.^sued Jul> UKU The roportivl m lhi> paper 

were ooroJufted as par! of a nioperahve ijroject of the liureau of riant Industry, C S Depariinent of 
Apricullure, and the University of Wiseonsiu This work was Mipported in part by a urani from the 
speeial research fund of the University of W’lSfonMii 

^ The WTiters are indebted to Dr Sarah L. Doubt, Department of Botany, W’asbbiirn f’olleiie, for lab¬ 
oratory facilitie.s, and to EuKeue H HerrliiiK, Department, of Plant Pathnlojry, UnnersitN of W i^conMU, 
for preparinc the illustrations 
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EXPERIMENTAL PROCEDURE 

The procedure followed in these studies is an adaptation of that 
described by Keitt and Jones {5). The methods used were selected 
in consultation with Dr. Keitt. 

ENVIRONMENT 

The histories of the fields employed varied somewhat. The field 
in which experimental grafts were planted in 1929 had carried crops of 
potatoes in 1926, 1927, and 1928. The field in w'hich experimental 
grafts were planted in 1930 had previously grown three successive 
crops of corn. The field whi(*h was used for experimental grafts in 
1931 had grown corn in 1928 and 1929 and apple seedlings in 1930. 

The soil reaction was tested from time to time in the three fields in 
which experimental grafts were planted. The reaction was approxi¬ 
mately pH 5.0 in all the fields. The different tests showed compara¬ 
tively little variation. 

Air temperatures were recorded by a thermograf)h housed 4 feet 
above the ground in an instrument shelter located among the first- 
year experimental trees. 

The relative humidity of the air was recorded by a hygrograph 
corrected by the use of a sling psychrometer (U.S. Weather Bureau 
pattern) and Marvin’s (6) psychrometric tables. 

Soil temperature at the level of the graft union, between 4 and 5 
inches beneath the soil surface, was recorded with a soil thermograph. 
All the instruments were checked daily. 

Soil-moisture samples were taken daily from about 4 inches below 
the surface. The water in the soil was measured in terms of the 
moisture-holding capacity. With a technic like that used by Riker 
(7), the moisture-holding capacity of the soil in each of the three 
experimental fields was found to be approximately 38 perc'ent of the 
oven-dry weight. The amount of water in the daily samples was 
measured by Bouyoucos’ {3) rapid method and calculated in terms 
of the moisture-holding capacity. 

The rainfall for each 24-hour period was measured with a rain gage 
having a 3-inch cup. 

HOST DEVELOPMENT 

The plant used for all of these studie»s was the Yellow Transjiarent 
variety of apple. Since the diseases studied occur most frequently 
at the union, the experimental trees were all grown from piece-root 
grafts made with Kansas seedlings. 

The factors of host development considered were the height of the 
tree and the diameter near the ground level. Measurements were 
taken at 2-week intervals on 300 first-season and 300 second-season 
trees. The same trees were used for successive measurements. The 
height in inches was measured from the original scion where growth 
began to the top of the main stem. After the early stages of devel¬ 
opment had passed, the lower point corresponded rather closely with 
the soil level and was chosen to avoid variations in measurements 
due to changes in the soil level incident to cultivation. The diame¬ 
ters of the trees in sixteenths of an inch were measured with a nursery¬ 
man's caliper about 1 inch above the point from which the new 
growth left the original scion. This location on the stem was chosen 
because it was easy to find, was usually just above the ground level, 
artd vras generallv the place where the stem had the greatest diameter. 
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STIMULATION OF OVERGKOWTHS 

Nonparasitic ovorg:rowths v^ere induceil in two ways. In some 
(*ases aJuminuni-ulloy wire was wrapped twnce about the seion a short 
distance above the union. In other cases a cut about half-way 
through the scion was made with an upw^ard pull of the knife so that a 
wedgelike projection of tissue extended down. Direct healing was 
prevented by inserting a strip of adhesive tape in the cut. This cut 
produced a result similar to that often found in a poorly fitted graft. 

The parasitic overgrowths were induced by inoculations wdth pure 
<uiltures of the causal bacteria. ( Vown gall was induced with culture 
A 1 of Phfiojnonaf< fymefaeieris^ which w as grown from an individual 
cell. Hairy root w^as indu(‘ed with culture C^“l of F. rhizogeiies. 
This culture was also grown from a .single cell. An account of the 
purification of these cultures and of their bacteriological characters 
has already appeared (/4). 

Inoculations at grafting time were made by smearing the cut sur¬ 
faces of the scions and roots with a suspension of bacteria before these 
parts of the graft were fitted together and the union was wrapped. 

The experimental blocks of trees consisted of a series of parallel 
rows, ea(‘h row' of which was used for the study of a (‘ertain factor, as 
explained later. Thus on a given day 10 trees in the first row' were 
inoculated witli the (‘rown-gall organism, 10 trees in the second row* 
were inoculated with the hairy-root organism, 10 trees in the third 
row were inoculated with a mixture of the hairy-root and crown-gall 
organisms, 10 trees in the fourth r(»w re(*eived control wounds, 10 
trees in the fifth row' were girdled with wire, and 10 trees in the sixth 
row' were <*ut and taped to stimulate wound overgrowth. On suc(*es- 
sive weeks during the season similar treatments for the production 
of the overgrow^ths were made on adjacent trees under comparable 
<*on(Htions. 

The method of inoculation during the growing season was as follows. 
A trench to the depth of the union was made in the soil about 3 inches 
away from the trees on one .side of the nursery row'. Tlie trench was 
opened tliis distance away to prevent injury to the main stems of the 
trees w hile digging. The soil w as removed from around the individual 
trees with a dibbles and by hand. Any particles that remained on the 
main stem were wi])ed away. Inoculum from a culture of the 
bacteria was a])])lied with a cotton swab' to the stem surfaci^, usually 
in five places spaced about 1 inch apart. With a scalpel held at an 
angle, two thrusts were made through eacli of the drops of cultuie 
deep into the stem. Control wounds w ere made in a similar manner 
except that no bacteria were employed. During the 1930 and 1931 
seasons strips of adhesive tape were applied over both the inoculated 
and the control wounds to reduce chance contamination from the soil 
and to keep out insects. Promptly after inoculation the soil was 
thrown back into the trench so as to cover the topmost wound by 
about 2 inches. 

DEVELOPMENT OF ARTIFICIALLY INDUCED OVERGROWTHS 

* • 

AfjLer the inoculations attention w^as given to the incubation periods 
necessary for the development of distinct symptoms. 

The incubation perioa for crowm gall was determined by makihg 
inoculations at weekly intervals throughout the season with a singl^- 
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cell culture, A-1, of the crown-gall organism. In 1929 the first inocula¬ 
tions were‘made, as described earlier, on May 15 and the last on 
September 11. The corresponding first and last inoculation dates 
for 1930 were May 12 and S^tcmber 8, respectively, and for 1931, 
May 11 and September 14. liecause of the similarity in appearance 
of callus, crown gall, and hairy root, especially in the early stages, the 
inoculations were not considered positive until the crown galls had a 
radial extension of 4 mm. This is in accord with the criteria used by 
Riker, Hildebrand, and Ivanoff (/O). The incubation time given in 
the charts (figs. 1, 2, and 3) for any one period is the average time 
required for the positive reactions from 50 inoculations. Minimum 
and maximum times are recorded in figure 4. Approximately 55 
percent of the inoculations gave positive reactions. 

The development of crown gall after inoculation was noted at 
weekly intervals for the first 6 weeks, during the early disease stages, 
and at biweekly intervals thereafter. The number, character, and 
radial extension of the overgrowihs were recorded at successivt» 
intervals during the season. 

The incubation period of hairy root was determined after imiking 
inoculations wuth a culture (C-l) grown from a single cell of tlic hairy- 
root organism. The methods and intervals of inoculation were the 
same as for crown gall. The incubation period for hairy root was 
recorded in two ways: (1) The time required for a radial extension of 
3 mm and for the appearance of root primordia is indicated on the 
charts by a small cirde in the line indicating the imuibation period, 
and (2) the time required for the development of roots 1 cm long is 
shown at the end of the incubation period. The incubation time 
given for any one period is the average time required for the positive^ 
reactions from 50 inoculations. The minimum and maximum times 
are recorded in figure 4. Approximateh’^ 70 percent of the inocula¬ 
tions gave positive results. 

Similar studies w^re made of the incubation periods and develop¬ 
ment of the reactions when mixtures of crown-gall and hairy-root 
bacteria were used for the inoculum. 

The host reactions to uninoculated control wounds made in j)arallel 
series w^ere examined as controls bn the hairy-root and crown-gall 
series. The procedure was the same except that no bacteria were 
employed. 

The host reactions to wire girdles and to knife cuts wuth tape inserts 
were followed in parallel series and at similar time intervals. 

The development of disease from inoculations wdth the hairy-root 
bacteria at grafting time of 300 string-wrapped and 300 tape-w rapped 
grafts was observed at monthly intervals during 1930 and 1931. 

NATURAL OCCURRENCE OF OVERGROWTHS 

The natural occurrence of hairy root was determined in 1929 
through biweekly examinations of the unions of 300 trees grown from 
string-wrapped grafts. In 1930 and 1931 monthly examinations were 
made of the unions on 1,200 trees, including 300 first-year and 300 
second-year trees grown from string-wTOpped grafts, and 300 first- 
year and 300 second-year trees grown from tape-wrapped grafts. 

Observations were made at stated intervals by removing the soil 
fix)m about the union in the manner previously explained. If a tree 
was accidentally injured in the process, this fact was noted and data 
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were taktm accordingly. At tiie end of the experiments comparisons 
were made between the percentages of overgrowths on trees examined 
at various intervals and on fliose left undisturbed. The variations 
ranged from 0 to 10 percent, (kmsequently, it appears that injuries 
incident to tlie periodic examinations introduced little if any error 
into the results secured. 


INSECT RELATIONS 

Insect surveys weie made of the soil in which the experiihental trees 
were j^rowing. In \\)29 the work was begun intensively on May 5 and 
carried on until July 12, when it was discontinued. Subsequently 
only insects that a[)peared in connection with the other work were 
(M)Hected and ])reserved. However, the survey was carried through 
tlie season in 1930 and 1931. At biweekly intervals three areas of 
soil 9 inches s(piare and 0 inches deep were taken at random from 
around thn^e tirst-year trees. These samples were mixed and one 
tliird of the mixture was taken to the laboratory for examination. 
All ins(H*ts o))serve(l while tlie larger sample was being divided were 
also taken. The soil was minutely gone over by spreading it on 
light brown papeu*. Tlie insects present were collected and placed in 
vials containing 70-percent alcohol, for later ichmtification.'* The 
observations in 1930 were begun May 29 and finished September 18. 
The first examination in 1931 was on May 11 and the last on Septem¬ 
ber 29. 

EXPERIMENTAL RESULTS 

The nion* significant aspects of the results obtained are (‘onsidered 
under the following heads: (1) Seasonal variations, (2) incubation 
p<‘riods, (3) appearance* of overgrowths at diflerent stages of develop¬ 
ment, and (4) date of natural infection. The records an* given in 
figures 1 to o, inclusive. 

SE\S()N.\L VARIATIONS 

Seasonal variations were large during the 3 years covered by these 
studies. These variations jirovided opportunities for observing the 
effect of seasonal changes both at different times in the same season 
and at corresponding dates in different seasons (figs. 1, 2, and 3). 
Since fh^^ details are recorded in the figures, only the grosser aspects 
are discussed here. 

The air temj)eratures during 1929 at Topeka, Kans., were generally 
below' those of the average year in that locality. On the other hand, 
the air temperatures during the season of 1930 were generallv above 
normal, favorable growing temjieratures extending into late October. 
Although the season of 1931 was considerably warmer in June than 
the previous two seasons, it was about normal in July, beknv normal* 
in August, and considerably above normal in September. 

The average air-humidity readings for the season of 1929 were 
much higher than those of the two subse(iuent seasons. During 1930 
the average air humidity was the lowest of the three seasons. But 
for the month of June the 1931 season had an average air humidity 
falling bet ween thofee of the preceding two seasons. 

The soil temperatures at the level of the graft unions quite naturally 
follows,d the trends of the air temperatures. During the day the soil 
temperatures lagged behind the air temperatures, but at night* the 


< The icientiftcHtions were made i>y C, L. Fluke, Jr., and E M. Scarls, Qf the Vniversity of W'isconsih, 
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opposite relation occurred. As was expected, the extremes of soil 
temperature were much closer together than those of air temperature. 

Soil-moisture data were closely eorr^Jated with those of soil tem¬ 
perature and rainfall. During 1929, because of the relatively low 
soil temperature and high average rainfall, the soil-moisture values 
were generally the highest of the three seasons. In 1930, because of 
relatively high soil temperature and low average rainfall, the average 
soil humicity was the lowest. High soil temperature in June 1931 
was accompanied by low soil moisture, largely, perhaps, because of the 
extremely low rainfall during that month. In September, because of 
relatively high soil temperature and relatively heavy rainfall, the 
soil moisture ran a middle course. 

Rainfall was rather variable during the three seasons. 11 was above 
normal in 1929 and below normal in 1930. In 1931 it was below 
normal in May and June and api>roxiinately normal the remainder 
of the season. 

The host development of nursery apple trees for the 1929 season, 
according to the local nurserymen, was the largest of any season over a 
period of 40 years, despite the fact that the trees went into dormancy 
earlier than in the two following seasons. The large growth was 
accomplished under conditions of higher soil moisture and somewhat 
lower temperature than usually obtained. There was no slack period 
due to soil moisture or temperature conditions. The growth of the 
trees in 1930 suffered because of the drought and abnormally high 
temperatures in »July and August. However, considerable growth 
was made during September and October, which partially olTseU the 
less favorable period. In 1931 the less favorable period for liost 
growth was in June, when abnormally high temperatures and low 
soil moistures prevaib^l. Because of a well-distributed rainfall 
throughout the remainder of the season the trees over(‘aine much of 
the handicap of July and August and approached the large growth of 
the 1929 season. The high temperatures and normal juoisture (*on- 
dilions of late fall enabled the first-year trees to make more than 
average growth, and the second-year trees to make the largest growth 
of the three seasons. The height tmd caliper measurements were 
closely correlated during the three seasons, with one exception. Th(» 
early fall of 1929 caused the trees to stop growth in height in late 
September, but the growth'in diameter continued into October. 
Records of the growth of the trees are given in figures 1,2, and 3. 

Insect surveys showed that a number of different kinds of root- 
chewing insects were present during the growing seasons of 1929, 
1930, and 1931. Since the larvae only were found in most instaiu'es, 
it was not possible always to determine the species or even the genus. 
According to information received from C. L. Fluke, Jr., and E. M. 
Searls, oi the ITiiiversity of Wisconsin, the inserts considered most 
important from the standpoint of opening infection courts were the 
white grubs (Phyllophaga), wire worms (Elateridae), and fungus 
gnats (Mycetophilidae). White grubs and wireworms were con¬ 
tinually present, but were more ^undant in Jupe, early July, and 
September than in May and August. Fungus gnats w^ere more corn- 
pionly associated with crown gall and were less generally present th^n 
the. white grubs or wirewonns. From these studies it appears that 
various insects capable of opening infection courts for crown-gall or 
liirfiry-root bacteria were present in varying abundance throughout 
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the growing seasons. The relation of insects to crown-gall infoc’tion 
on raspberries has been discussed by Banfield (1,2), A similar 
relation to hairy-root infectiojf on apple trees has t)een investigated by 
Hildebrand (4). 

• INCUBATION PERIODS 

The time recpiired for the development of excess callus and wound 
overgrowth following w’ire girdling or cuts was 2 weeks or more, 
depending upon the rapidity of the growth of the plant. 

C’rOW N-GaLL OlKiANISM 

The incubation periods of (he crowui-gall cirganism were on an 
average much longer in the earlier and later parts of the season than 
in the middle. An inoculation was considered positive only when the 
gall had a radial extension of 4 mm after 3 weeks (fig. 8, F), The 
minimum and maximum periods are given in figure 4. Doubtless 
larger numbers w^ould liave produced more regular curves. C'harts 
giving the average incubation periods (figs. 1, 2, and 3) show’ wdiat 
appears to be a rather (‘lose correlation betweim short incubation 
periods and warm weather. Only slight difreren(‘es w’cre noti(*ed in 
the length of the iiuMibation jxTiods for corresponding weeks in the 
different grow ing seasons. 

These incubation periods are concenu'd only wdth vigorously 
growing trec^s. Inoculations on trees which w^ere making little or no 
grow'tli did not induce disease until the trees began to develop. Inocu¬ 
lations on such trc'es were often negative, but reactions have sometimes 
apjieared aft(T normal iiu'ubation from the time growth bc^gan. 
Thus after inoculations made late in the season overgrowths might 
not ajijiear until the following spring. The incubation periods on 
trees growing under fav(»rable conditions had a definite maximum 
jieriod aftc'r which no inflection appeared and which seemed to 
be correlated with the rapidity in growth of the tree and wdth 
temperature. 

Mmk^-Koot Or(;amsm 

The incubation jieriods Tor the hairv-root organism were followed in 
the saine way as for the crowm-gall organism. The averages are 
shown in figures 1, 2, and 8, and the minimum and maximum periods 
in figure 4. The average length of time necessary for development 
of roots 1 cm long ranged from approximately 3 weeks in the warm 
period of the growing season to 9 or more weeks in the cool periods 
at the beginning and end of the season. Two stages in the ini'ubation 
period of hairv root were observed. The first stage, indicated by a 
circle on the cliarts (figs. 1 to 3), was rea(*hed when the average hairy-> 
root enlargement had a lateral extension of approximately 3 mm 
and when root primordia were beginning to show (fig. 0, .1, after 
3 w^eeks). The second stage in the incubation period was reached 
when the hairy roots had a lateral extension of 1 cm (fig. 6, ^1, after 
0 weeks). As in the case of crowui gall, only slight differences were 
noticed in the leftgth of •the corresponding hairy-root incubation 
pe:i;iods in the different seasons. 

• Experiments were conducted to determine when disease would 
develop Trom inoculations made at the time of grafting. These 
trials were made in 1930 and 1931 on both string-wrapped and tape- 
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Figure 2—Suninmry of data relating to seasimal <levelopmerl in IIW) of hair\ rriof and orown pall on nursery apple frees jirown from string-wrapped 
pieoe-root grafts A. F'nvironmental conditions and tree grow th, B, inciit>at]oi) fM>rio<ls, natural ficcurrence of disease, insects present, and seasonal develop¬ 
ment of hairy root and crown gall 
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wrapped grafts. The results are recorded in figures 2, 3, and 5. 
The average time at which hairy-root symptoms (i.e. roots at least I 
cm long) developed in the string-wrapped grafts appeared to be the 
early part of July in both 1930 and 1931. The minimum was early in 





June. The maximum was difficult to determine because of the occur¬ 
rence of natural infection, which complicated the results. Moat of 
.the grafts showed infection by early August. As judged from dtber 
inoculations, the maximum probably did not greatly exceed this. 
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The ()C<*urreDoe of hairy-root symptoms, following ino(‘ulations at 
the time the tape-wrapped grafts were made, was studied in parallel 
series. In 1930 only 2 percent of rt,e inoculated grafts had shown 
symptoms by the middle of June. Hairy root was noted on 41 per¬ 
cent of the grafts on July 9, on 90 percent early in August, and on 97 
percent early in September. In 1931 none of the grafts showed 
symptoms when examined early in June. Early in July, 54 per<*erit 
showed hairy root; early in August there was 91 percent; and by 
tlie end of the season there was 99 percent. Like the string-wrapped 
grafts, the tape-wrapped grafts that were inoculated wdien made 
showed hairy-root symptoms early, during the season of long incuba¬ 
tion periods, wdiereas symptoms of hairy root resulting from natural 
infection appeared later, during the season of relatively short incuba¬ 
tion periods. The tape wrapping had little if any influence in pre¬ 
venting infection when inoculations w^re made at grafting time. 
Little if any correlation w^as noted between the time of the occurrence 
of hairy root following inoculation at grafting and the time of the 
natural occurrence of the disease. 

Tlie strength of the tape wrappers w^as found to diminish gradually, 
until the cloth broke under the slightest strain. Where the wrapping 
W'us overlapped the cloth lasted much longer. Freiiuently tlie tajie 
wrappings bad lost their strength by June, so that the hairy-root 
developments from inoculations easily came through. Sooner or 
later tlie wrappings w^ere cracked open by tlie growth of the tjees. 
This process began in June and progressed with varying ra])idity, 
depending upon such factors as the. moisture and temperature of the 
soil, the amount of overlapping of the wrapper, and the increase in 
diameter of the tree. It is clear that while the wrapper remaim'd 
intact, the union was protected against root-chewing insects. 

APPEARANCE OF OVERGROWTHS AT DIFFERENT STAGES OF DEVELOPMENT 

Hairy root, crowm gall, mixtures of these tw’o, and callus or wound 
overgrow^th were studied as they developed after inoculations or 
special treatments made at different times. Th(‘ resiiJts of these 
extended studies conform in general with those obtained in limited 
trials by Riker et al. [9). Since a complete new^ series of tests was 
started each week during three active growing seasons, tlie volume of 
material available was large. Consequently the development of only 
one representative series for each type of overgrowth is considered 
here. 

The symptoms of tlie different enlargements in the various stages of 
development are illustrated in figures 6 to 8. The descriptions giviui 
are of typical symptoms that followed the different treatments 
administered during the latter part of May. 

Hairy Root 

Hairy-root development is described first for one of the series made 
during 1930. The cultures and methods of inoculation employed 
have already been given. The development of the various symptoms 
was more rapid on the Yellow Transparent trees in Kansas than on 
Wealthy trees in Wisconsin (5). 

.4fter 1 week the scalpel cuts in wdiich the inoculations were made 
showed practically no change from the control scalpel cuts. A slight 
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forirntion of wound tissue ^as apparent, especially about the exposed 
portions of t*ainbiuni. 

After 2 weeks the frosty calluslike lissue had so increased in size 
that it ])ractically covered the injury. Small hemispherical frosty 
knobs of new tissue appeared sometimes t(jr extend from the callus. 
No difference w^as noticed betw een the inoculated and control wounds. 
Tlie lateral extension of the tissue was approximately 2mm. 

After 3 ^yeeks the hairy-root tissue had grown until it had an average 
lateral extension of about 3mm. This was somewhat greater than 



Fk.i RE 7 -Uairy-root symptorfts after wound Inoculations, as they appeared during the second yeai on 
scion wood below ground: A , In May, Many of the smaller roots were killed by frost., Ji, In August, 
f-ertain of the roots appear much larger than others. Cand D, In October. Wound-overgrowth tissue 
appears in conjunction with that of hairy root. 


the callus at the control wounds. At this time small, more or less 
round protuberances of tissue, root primordia, ap’proximately 2 mm 
in diameter, made their appearance from the surface of the basal 
tissue.. Often, but not always, these appeared to be further develop¬ 
ments of the knobs mentioned earlier. Tins sta^e is indicated by 
circles in the aiTows of the charts designating incubation periods 
(figs. 1, 2, and 3). 
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Ri- 8 St»\eral t>iies of ov^rgro^^ths after various treatments as the> appeared during the first year 
on scum i^ood below ground 1 ounds like those uhed foi inoculation, except that no bacteria were 
empjoved after 1, 2, 3, 4 5 and (1 weeks resiiedivelv from left to right ii, induced b\ wire girdles 
after J, 2, 1, 4. 5, «, and 8 weekh resi>ectivel> from left to right, and (C ) after U), 12, 14,16, IS and 20 
weeks I) induced by knife cuts into which were inserted bits of adhesive ta|ie after I 2 3 4, 5, 6 
and 8 weeks re^piHtiveh, from left to right, and (/*) after 10 12 14 10 is and 20 weeks i croiin galls 
that followed wound inoculations as the> ap|»eared after 1 2 14 5 and 6 weeks respectiveh from left 
to right, and (W) after 8,10, ami 12 weeks, 
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After 4 weeks botli the basal tissue and the protuberances had 
enlarged unrtil the average lateral extension was approximately 4 mm. 
Some of the protuberances had taken on more definitely the appear¬ 
ance of root primordia. In exceptional cases small flesliy roots were 
starting. 

After 5 weeks the basal enlai’gemcnts had increased a little and root 
primordia were quite common. Small fleshy roots were also more 
frequent. The root primordia and roots gave the surface a rough 
and irregular appearance, in contrast with the relatively smooth 
surface of crown galls. Some of the small roots were over 1 cm long, 
indicating the final stage of the incubation period. 

After fi weeks the number of fleshy roots w'as decidedly greater, 
and the older ones had reached a length of 2 cm. After tliis time the 
basal enlargements increased in size very slowly and some became 
more or less completely covered by the root developments. 

After 8 weeks the fleshy roots had increased considerably both in 
number and in length. Many had begun to branch, and a few small 
fibrous roots were found. 

After longer periods during the first season following inocidalion 
there w'as a progressive increase in the number and length of the 
hairy roots. Large masses of both fleshy and fibrous roots were very 
common at the end of the growing season. The basal enlargements 
were ordinarily rather inconspicuous the first year and were well 
covered with root developments. 

The amount of moisture in the soil appeared to be an important 
factor in the development of the roots. Inoculations made abme- 
ground or in the upper portions of the soil, where it frequently be<‘ame 
dried out, shownd little or no root development. Evideix'e was 
frequently found that roots had started but had been killed by subse¬ 
quent drying of the svmfaie soil. 

The vigor of the, trees likewise appeared to influence the develop¬ 
ment of the hairy-root symptoms. Grafts which bad not becon e well 
established and had not produced new growth at least a foot high 
made little or no response to hairy-root inoculations. The relation 
between the size of tree and the incidence of hairy root at digging 
time has been more fully discussed by Hildebrand (4). 

The period in the growing season wheji the inoculations were made 
likewise influenced the rapidity with winch the symptoms developed. 
The incubation periods for different stages of the disease were shorter 
during the summer than in the spring or fall. In some cases whcii 
inoculations were made in September, no symptoms were observed 
until the following year. Although the time at which they appeared 
varied considerably, the sequence of symptoms remained the same. 

During later development after inofuilation the hairy-root over¬ 
growths showed a somewhat different character (fig. 7). The roots 
that were actively growdng when cold weather set in and the ground 
became frozen were killed. However, those that had reached suffi¬ 
cient maturity were able to withstand the winter and to continue 
their activity the second year. By June of the second year, certain of 
the larger roots had grown considerably, both in length and diameter. 
Many small lateral roots appeared that wwe more likely to be fibrous 
■ than fleshy. However, fleshy roots from the basal tissue were quite 
common. 
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The basal enlargeinents likewise had changed somewhat in (*harac¬ 
ier. They had grow^i considerably and had taken on the rather 
characteristic d(^eply convoluted tyjie of growth. These various 
convolutions W'(ue built up fo;* several layers and not infrequently 
particles of soil were in(*orporated for some distance within the tissue. 
This type of growth is illustrated in figure 7. 

By the middle and latter parts of the second season both the basal 
enlargements and the hairy roots had increased markedly in size. 
In all the specimens examined the large lateral roots which developed 
as part of the hairy-root, overgrow^th seemed to have established 
definite conneidion with the main stem and to be funidioning in a 
somewdiat normal capacity. 

Nonparasitic tissiu' of the wound-overgrowth type not infrequently 
appeared in association with the basal enlargements of the hairy-root 
development. This seemed to occur in part as a reaction to the inter- 
ru])tion in the downward flow' of elaborated food in the stem. Ap- 
})arently the' hairy-root development had something of a w'ounding or 
girdling action u])on the stem, which lesulted in the formation of 
w'ound-overgrow'th tissue (lig. 8j in combination with the hairy-root 
tissue. All ditl'erent stages of combination between wound over¬ 
growth and hairy root seemed to occur. Doubtless in some cases 
the wound-overgrowth tissue o(‘curred as a result of the girdling ai'tion 
of the hairy-root tissue, w^hereas in other ('ases formations wdiich were 
wound overgrowths at the beginning became infeided and hairy-root 
tissue subsequently develojied. 

CllOWX (fAU. 

Studies of crown gall were made similar to those of hairy root. 
Afti'r 2 wo(‘ks the reactions to inoculations were similar to those se- 
(*ured from the inoculations with the hairy-root organism. Frosty 
luMnis])herical knobs appeared similar to those of hairy root. How^- 
ever, the knobs on crown gall w^ere not observed to develop further. 
After 8 WTeks the lateral extension of the crown gall was about 1 mm 
greater than that of hairy root and the surface was lobed and (*om])ara- 
tively smooth. After 4 weeks the crown galls had increased consider¬ 
ably in size and often showed a lateral extension of 5 to 8 mm. \o 
root priuiordia were observed! 

After longer })eriods the basic character’s of the crown galls did not 
<*hang(‘, although the formations in(*reased greatly in size as the weeks 
passed. No roots have been found growing direc’tly from the crown- 
gall tissue and only infreciueiitly from the main sterns of the Yellow’ 
Transparent apples near the gall tissue. The secpience of develop¬ 
ment of the crowm galls is showm in ligure 8, F, G. The inlluen<*e of 
temperature and moisture on the development of crown gall under 
controlled conditions has been reported by Riker (7). 

MiXTUKi:s OF Ckown Gall and IIairy Root 

Parallel inoculations w^cre made with mixtures of the crown-gall 
and hairy-root bacteyia. The resulting overgrow ths developed along 
the lines previously mentioned for crown gall and hairy root and 
showed all gradations between those two types of formatioiis. The 
tirne of tlm growing season seemed to exert some influence in deter¬ 
mining which type of development w’ould appear first and predomi¬ 
nate. The ascendancy of the hairy-root organisui was greatest com-. 
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paratively early or late in the "rowing season, when the temperature 
was somewhat low. On the other hand, in approximately the middle 
of the growing season, when the temperature was somewhat high, the 
crown-gall organism appeared to hav*!' the advantage. 

Wound and Callus Ovehokowths 

The control wounds that were made in conjunction with the in¬ 
oculation^ for crown gall and hairy root produced only slight reac¬ 
tions. F'or the first 2 weeks there was practically no difference be¬ 
tween the control injuries and those inoculated with the two organ¬ 
isms (fig. 8). However, after 3 weeks the callus formations which 
appeared began to decrease in size as the process of healing progressed; 
by the fourth week the soft outer tissue had begun to slough off; after 
5 or 6 weeks the characteristic wound tissue had formed and the de¬ 
velopment of these w^ound reactions ceased. Natural infection of 
the control w'ounds was rare. 

Parallel studies w^ere made upon wound overgrowths induced by 
girdling with wire. As already stated, aluminum-alloy wire was 
WTapped twice around the stem and then fastened in order to deter¬ 
mine wdiat the reaction of the host plant would be to this interrup¬ 
tion in the downw^ard passage of elaborated food. After 1 week there 
was practh^ally no change, but after 2 wc^eks the wire w'rap])ing was 
very tight about the bark (fig. 8, /f, C). After 3 weeks it seemed to 
be cutting into the bark tissue. After 4 w'eeks a swelling appeared 
above the wire that in some cases w-as sufficient almost to hide it from 
view. After w^eeks this w^ound tissue had increased to a lateral ex¬ 
tension of 2 to 4 mm and the wire was almost com|)letely hidden. 
After 6 wi^eks the growth had increased in size and after 8 weeks it had 
a lateral extension of •approximately 7 mm around most of the stem. 
These nonparasitic overgrowth developments so irid’eased in size as 
the season progressed that at the end of the growing season their diam¬ 
eter was several times that of the main stem. The surface of this 
tissue had more or less broad undulations very difl'erent from the com¬ 
paratively smooth lobes of the crown-gall tissue or the deep convolu¬ 
tions of the hairy-root tissue. There wras a definite cortex. This type 
of tissue resembled more closely the tissue of hairy root than that of 
(Town gall. As already stated, complete intergradations were found 
betw^een the surface characters of this type of development and tho.se 
of haiiy root. 

Similar wound overgrow^ths developed after certain knife injuries 
made on the underground parts of apple steins, about an incdi above 
the union, by an upward cut through one third to one half of the diam¬ 
eter of the stem. A small piece of adhesive tape was inserted under 
the tissue thus cut in order to prevent its direct healing and to simu¬ 
late conditions at the lower ends of scions that failed at the tips to 
make union with the roots. Trees without the tape barriers in the 
(uit usually healed normally in a fewr weeks without the development 
of excessive callus. In trees having tape barriers, a small callus had 
formed on the lower tip of the cut tissue after 1 week (fig. 8, D). Within 
2 weeks the callus had grown considerably and after 3 weeks it had 
a lateral extension of several millimeters. The increase in size* con¬ 
tinued until characters of wound overgrowth appeared* similar to 
those induced by wire girdles. At the end of the season overgrowths 
*of this type had a lateral extension from 1 to 3 times greater than the 
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(liaiiietor of the oiaiii stejn and showed the characters of wound ov(ur 
growth as already described. 

These studies on various overgrowths of known origin were very 
helpful in the diagnoses of ovetrowths that developed under natural 
conditions. . ' 

DATE OF NATURAL INFECTION 

The natural oc(‘urrence of the various overgrowths in this graft- 
knot complex was n*corded at stated intervals throughout three grow¬ 
ing seasons. No natural occurrence of crown gall was found among 
the trees under observation. In other plantings in this locality where 
a large number of trees were observed, ap])roximately 0.1 percent of 
the trees wer(‘. attectinl with crown gall, '^flu^ early stages of excess 
callus or wound overgrowths appeared from time to time. Some of 
thesis were grown over as the trees developed and .some, like the 
girdle or wound knots (fig, S), continued to develo]); but in this par¬ 
ticular lo(‘ality most of them sooner or latiu* be(*ame infected by hairy- 
root bacteria, and their classification was changed to hair}^ root. 
Hildebrand (4) has recorded the activity of root-chewing insects in 
opening infection courts in such tissue. Since the location of this 
work was made largely on the basis of the severity of the hairy-i*oot 
infection, this result was expected. 

The natural occurnmce of hairy root in 1929 on first-year apple 
trees grown from string-wrap[)e<l grafts w^as recorded at weekly inter¬ 
vals (fig. 1). Natural infection appeared slowly until the end of 
June, when 11 percent of the trees shown^d symptoms of disease. By 
the end of July practically no increase had occurred. However, by 
the end of August, 2S percent of the trees showed infection ; and bv tlie 
(uid of Sejiteinber, JS [x^rccmt. After this time, apparently correlated 
with lower temperatun^ and perhaps cessation of grow th by the ho.^t 
plant, there w as comparatively little increase until the return of warm 
weather. During the second year (19J0), on the same trees (fig. 2), 
there was a jirogressive increase up to 49 percent in No\ ember, whcm 
the trees were removed. 

In 1930 the natural occurrence of hairy root on first-year trees 
(fig. 2) grown from string-wrapped grafts was quite similar to that 
in 1929. There w as 4 percent infection early in July, 13 percent early 
in Augitst, and 27 percent early in September. There was relatively 
little increase between that time and th^s middle of November, when 
there was 30 percent. During the following year (1931; fig. 3) on the 
same trees, that were second-vear trees by this time, there w as prac¬ 
tically no development until June. By early July there was an 
increase to 37 percent, by early August to 42 percent, by early 
Septembei* to 48 percent, and by late October to 57 percent. 

In 1931 the natural occurrence of haiiy root on first-year trees 
(fig. 3) grown from string-wu'apped grafts was very similar to that of 
the previous year. Only 3 percent appeared early in July. Early 
in August there was 14 percent; early in September, 26 percent; and 
late in October, 38 percent. 

Similar results wjere secured for tape-wrapped grafts (fig. 5). 
However, the appearance of symptoms w^as delayed somewhat by 
the tape wrapping. " ^ 

^he natural occurrence of hairy root in 1930 on trees grown* from 
tape-wrapped grafts was recorded as before. The first hairy-root 
symptoms appeared early in July, when 2 percent of the trees showe’d 
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hairy root. Early in Aug:ust, 9 percent showed hairy root; early in 
Se])teinber‘ 25 peivent; and late in September, 30 percent. The next 
year (1931) the number of trees infected rose gradually to 50 percent. 

In 1931 the natural occurrence of hi^iiry root on tape-wrapped grafts 
began with 6 percent early in August. Early in September then' was 
18 percent, and late in October 21 percent. 

The date of natural occurrence of most of the knots on tape- 
wrapped grafts appeared to be correlated with that of knots on string- 
wrapped grafts. The date of natural occurrence of knots on both 
types of grafts seemed correlated with warm weather, active growth 
of the nursery trees, shoi*t incubation periods, decreased jirotection of 
th(’! unions by wrappers, and insect activity. 

The average date of natural oc(»urrence of an infection appearing on 
any particular date may be determined by subtracting the number of 
days of the average incubation period from the date of appearaiu'e. 
For example, to determine the average date of natural infection for 
new developments that appeared in first-season trees on September 3, 
1930, one observes (fig. 2) that the average iiuuibation period ending 
September 1 began July 21. Therefore, the ju'w infection showing 
vSeptember 3 came from infections taking place about July 21. 

The foregoing data indicate that in the plantings und('r observation 
most of the natural occurrence of hairy root was not the result of 
infection induced at grafting time, but was due to certain factors that 
began to function usually in June after the grafts were planted. 

DISCUSSION 

The evidence presented in the preceding pages has a detinite bearing 
upon the consideration of control measures. The studies were made 
in a place where infectiious hairy root was prevalent and consequently 
deal with severe rather than with average conditions. Sin(*e nearly 
all the ba(*terial overgrowths on the underground parts of nursery 
apple trees occur at the union, it has been commonly considered that 
infection takes j)lace approximately at the time the grafts are mad('. 
Various antiseptics are therefore aj)plied to the seedlings and to the 
grafts. Such treatments by the writers have been relatively unsuc*- 
cessful in this region. Wrappers of adhesive tape have been less 
eflicient for control here than in most places. Apj)arently, therefore, 
the chances of develo])ing control methods would be enhanced by 
determining the tijue and the conditions under which natural infection 
takes j)lace. 

From the data presented in figures 1 to 5, only a small part of the 
hairy-root infection naturally occurring appeared to be initiated at 
grafting time. However, this small part may be important as a 
potential source of inoculum for subsequent infections. 

The date of natural infection for most of the hairy root was appar¬ 
ently correlated ^dth the occurrence of warm weatner, rapid growth 
of the trees, activity of soil insects, relatively short incubation periods, 
and reduced protection from the wrappers employed. For first-year 
trees this date was during the middle and latter part of the growing 
season. New infections continued to occur during the second growing 
season. In other regions, where the trees stood longer in the nursery 
refw and where hairy root was serious, new^ infections appeared in the 
third and fourth seasons (12). 
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The possibility of v(»ry lon^ incubation periods perhaps needs further 
consideration. Relatively dormant trees have been found to carry 
the hairy-root, bacteria for lonj periods and to show no symptoms until 
active growth was resinned, yhc problem to be (*oiisidered is whether 
small amounts of inocirium at grafting time might remain dormant 
long enough to ac(‘ouiit for the oceurremu' of hairy root late in the first 
season and perhaps in the second, third, and fourth season. Although 
this possibility (‘annot be easily disproved, the following lines of 
evidence show that if such a condition occurs it is very unusual: (1) 
Siegler and Riper (/d) hav(‘ reported that bacteria inoculated into 
aerial parts of trees could be reisolated rarely if at all after (>5 days; 
(2) most of the inoculations made at grafting time have yielded results 
within ordinary incubation periods and the few^ infections that ap¬ 
peared later were ])robably <*aused by natural infection rather than 
l)y the inoculations; (11) the studies on incubation ])eriods showed 
ddinit<‘ maxima beyond wliich no symptoms appealed; (4) dormant 
tribes that harbored the bacteria after inoculation in the fall showed 
sym])toms ])romptly, if at all, when a(‘tive growth was resumed; (o) 
the plienomena observed are easily explained by other vvell-dehned 
factors. It a])pears, therefore, that the evidence at present available 
does not justify consideration of common incubation periods as (‘on- 
tinuing long enough after the date of grafting to ac(‘ount for the date 
on w’hi(*h the greatest part of the natural infection ajipeared. 

Another phase of the complex hairy-root problem whi(‘h has b(»en at 
least partly exidained is the failure in this locality of the writers’ 
antise|)ti(‘ treatments and the lower etliciency of adhesive-ta]>e wrap- 
|)ers. Since root-chewdng insects seem implicated during the growing 
season as important factors in opening infection courts, doubtless 
(he present control jueasures against graft knots may b(‘ supplemented 
by others that take into ac<‘ouut the newly determined date of the 
natural occurrence of irifecdion. 

SUMMARY 

Tlu' seasonal develoj)m(*nt of crown gall, hairy root, and wound 
overgrowth has been followed through the growing seasons of 1929, 
19;10, and 1931 in Kansas. Crown gall and hairy root were induced 
by inoculation with single-cell cuitures of the causal organisms. 
\Vound overgrowth was induced by wire girdles and by knife cuts. 
Successive stages in the development of all tlu'se overgrowths are 
describcal and illustrated. 

The following records were kept: Air temperature and humidity, 
soil temperature and moisture, rainfall, development in height and 
diameter of both first- and second-season nursery apj)le trees, incuba¬ 
tion periods of both the crown-gall and the hairy-root baederia, occur-, 
reiice of hairy root following inoculation and under natural condi¬ 
tions, and groups of insects prevalent in the soil. During this study 
different seiisons have been relatively wet, dry, or inteiniediate. 

The incAibation periods for crown gall and hairy root have been 
relatively long in the spring and fall and rehitively short in the summer. 
They were apparehtly correlated witli temperature and with active 
grtiwth of the trees. 

• Both crown gall and hairy root developed after suitable incubatioM 
periods following inoculations made at grafting time. Adhesive tape 
wTappers delayed the appearance of symptonivS slightly but did ijot 
reduce the number of infections which appeared. 
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Mixtures of various overgrowths appeared, especially on the second- 
year trees. . 

The evidence available points to soil insects, including white grubs, 
wirewornis, and fungus gnats, as imporrfint agents in opening infection 
courts for bacteria during the growing ^season. 

Although a small amount of the natural occurrence of hairy root 
was traced to infection at the time of grafting and was doubtless 
important as a source of inoculum, most of it seemed to follow natural 
infection d\iring the middle and latter part of the first growing season 
and diuring the second growing season. Much of the natural infection 
appeared to be correlated with warm weather, active growth of the 
nursery trees, short incubation periods, decreased protection of the 
unions by wrappers, and insect activity. 
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HAIRY ROOT, CROWN GALL, AND OTHER MALFORMA¬ 
TIONS AT THE UNIONS OF PIECE-ROOT-GRAFTED 
APPLE TREES AND THEIR CONTROL' 

By A. ,1. Rikeu, forniorly a(j(}tt\ Division of Fnnt and Vegvtahic Crops and 
Dismses, Hnreau of Dlani Industry, Vniled States Department of Agriculture, 
an(i professor of plant pathology, (hnrersiiy of Wisconsin; G. W. Keitt, professor 
of plant pathology, rnivcrstty of Wisconsin: and K. M. Hildebrand and M. 
Hanfikld, fonnorlv agents. Division of Fruit and Vegetable (Wops and Diseases, 
Bureau of Plant Industry, United Stales Department of Agriculture , 

INTRODUCTION 

The control of hairy root (Phytomonm rhizoyenet^ Riker et ah), 
crown j^all {I\ Uiwefaciep.H (vSinith and Town.) Bcr^ey et al.), wound 
overgrowth, ajul perhaps otlier enlargements that o(‘cur at the unions 
between scion and root on nursery apple trees grown from piece-root 
grafts has been attempted in a number of different ways. These 
attempts have been stimulated by the fact that very commonly the 
susceptil)le varieties of nursery trees have shown thes(‘ enlargements 
to a s(M'ious extent at digging time. In some extreme cases practically 
a whole ])lanting has been lost. The prevalem^e of these diseases has 
be(m largely resj)onsible for a change in the method of propagation 
followed by many of the nurserymen east of the Mississippi River. 
In this region apple trees are ])ropagated (‘ommonly by budding, 
a niethod which largely obviates the problem of enlargements at the 
union and which may give a ])etter stand. However, this method of 
propagation is reporte(l to be more expensive, to require labor dur¬ 
ing a very busy i)art of the growing season, and to provide nursery 
trees on seedling roots. These factors have caused many of the 
apple-tree growers in the Middle West to continue piece-root grafting 
despite the loss frojii these diseases. To find a means of reducing the 
loss has been the object of the present studies. Several preliminary 
accounts on certain phases of this work have already appeared {23^ 
25, 28, 32, 33)2 

ECONOMIC IMPORTANCE 

The actual harm done to the nursery apple trees by enlargements 
at the union has been discussed by several writers, including Stewart 
i45) and Jakovlev {13). However, much of the work reported on 
the injury caused by graft knots is open to (juestion because of the 
inadequate diagnosis of the malformations studied. As discussed later, 
the several different kinds of graft knots that occur doubtless ])roduce 
various effects upon the trees. More evidence is needed on this 
(piestion of injury. Since the differentiation of certain kinds of 
graft knots has been accomplished {t8y 19, 26, 27) the influence of 
hairy root on the growth of the trees has received some attention. 
Comparatively little evidence, beyond that already noted by Riker 

> Received for publication Oct. 24, 1933, issued July, 1934 Cooperative in\estigations of the Division 
of Fruit and Voftetable Crops and Diseases, Bureau of Plant Industry, U.S Department of Agriculture, 
and the Cnivorsily of Wisconsin. Some supjHirt for this work was received from the C’'rop rrolection 
Institute. 

* Reference is made by number (italic) to Literature Cited, p. 937 

* A general term for any ove'rgrowths at the union. 


Jornnil of Agricultural Research, V’ol. 48, no 10 . 

Wa.shington, D.C May 15,1934 “ 

• Key no GK9(K) 


( 913 ) 




914 • 


Journal oj Agricultural Research 


Vol 48, no. K) 


aiK^ Keitt {31), has been secured as yet by the present writers on the 
influence of crown g:all and wound overg:rowth of known identity on 
the growth of nursery trees. I 

vSoine data on the effect of hairy-r»St infection on the growth of 
nursery apple trees were accumulated in 1929*and 1930 {27). Second- 
season trees of the Yellow Transparent variety were employed. 
Smooth trees and corresponding hairy-root trees that had become 
naturally infected the previous season were chosen for measurements. 
On May 17, 1929, the average height and diameter of 100 smooth 
trees were, re'spectivoly, 32.1 and 0.37 inches. Measurements were 
made of tlxe same trees September 17, 1929. A few of the healthy 
trees had become infected during the season and were omitted from 
the final results. The average height and diameter of the smooth 
trees were, respectively, 51.8 and 0.59 inches; those of the hairy-root 
trees were 49.2 and 0.50 inches. These averages show a slight 
advantage in growth during the season, of 2.6 inches in height and 
0.03 of an inch in diameter, in favor of the smooth trees. Repetitions 
of these trials during the season of 1930 also showed a slight advantage, 
5.1 inches in height and 0.08 of an inch in diameter, in favor of the 
smooth trees. These results are in general accord with those of 
various writers, including Fracker (6*), Swingle and Morris (>{7), 
and Muncie (/(S'); the last-named reported a redu(*tion in water-flow 
through woody knots. However, the data presented in the present 
paper are so limited and the variations among corresponding trees so 
great that the diflerences found seem to have little if any signili(*ance. 
These data, however, raise the question wdiether the hairy root may 
j)erhaps be slightly detrimental to the tree. 

In an effort to discover whether the hairy roots wTre able to fuiu'lion 
as ordinary roots, a rather severe test was made. On Mav 17, 1929, 
100 hairy-root trees that had become infected following inocuilation 
the })revious season were treated. The soil was removed so as to 
expose the main stem of the tree with as little disturbance as ])ossible 
to the hairy-root development. The stem was then cut off from the 
main root system just below’ the hairy-root dt'velopment, and the 
soil was replaced. Ninety-five of the ^rees thus treated lived through¬ 
out the season. By Septembe'r 17, 1929, they had increased, on an 
average, 4.5 inches m height and 0.05 of an inch in diameter. , Similar 
trials with like numbers of artificially infected trees in 1930 showed 
almost identical results, only 5 percent of the trees dying. From 
May 20 to Septernber 20, 1930, the trees increased, on an average, 0.0 
inches in height and 0.12 of an inch in diameter. Smooth trees 
received similar cuts in corresponding positions. This left them w ith 
no roots at all, and of course they died promptly. The fact that the 
trees supported only by hairy-root developments w’ere able to live 
shows that these roots have certain functional capacities. 

The experiments described in the two preceding paragraphs were 
made on trees that were grown under comparable conditions in adja¬ 
cent rows in the nursery. It appears, therefore, that trees which w’ere 
deprived of all roots except the hairy roots made much less growth 
than untreated smooth trees or trees that had both natural and hairy 
^ roots. 

Jn limited trials followmg pure-eultiire inoculations ,Riker a!nd 
Keitt {31) have found crowm gall distinctly detrimental to small 
Itursery apple trees, 
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Whatever may bo tlie actual infiuence on the apple trees of the 
various enlargements at the union, it does not lessen the scope of the 
problem of control. The Pj;'oblem of these enlargements of trees 
grown from piece-]‘Oot ap])leVgrafts becomes one of prevention. 

These malformations’ vary considerably not only in their external 
characters but also in their internal structure. 

CAUSES AND DESCRIPTIONS OF OVERGROWTflS 

Several different kinds of overgrowths occur on nursery ap])le trees 
grown from piece-root grafts. Perhaps the most important are: 

(1) Infectious hairy root, caused by Phytomoaa^^ rhizoyenes (^7); 

(2) (‘rown gafl caus(‘d by R. tumefacieuR (lOy 4^): and (3) callus or 
wound overgrowth, which is nonparasitic (18, 10, SO, SI), An 
understanding of the nature of these formations is obviously desii*able 
in making a satisfactory approach to tlu' [)roblem of their control. 

Hairy i‘oot is the most common enlargement found in some nurs- 
eri(‘s. It consists usually of a mass of fleshy or fibrous roots that 
spring from more or less consjricuous enlargements on the main stem. 
These enlargements seem to hav<‘ their origin at the union or at some 
other point of injury through which the bacteria may have gained 
enti'an(*e. The enlargiunent at the base of the root formation is 
usually quite har'd, owing to irrogular masses of woody elements 
which seem to be dii'ectly connectecl with the vascular system of the 
main stern. Ilairy-i'oot enhu'gernents have been described by various 
writers, including Medgc'ock {10), who called them woolly knots to 
distinguish them from other overgrowths, and recently they have been 
described in r'<da,tiori to Rhytomonafi rhizoyenes by Riker et al. {£7), 
These [rar-asitic hairy-root dev’^elopments slrould not be confused with 
other' hairv-root formations which apparvntlv aro norrparasitic 
{18, £4. SI j, 

Ci'own gall occur s as a result of infection by Rhytomotian tumefaciens. 
The (‘ausal bacteria rnav supposedly gain entrance to the tissue at 
the tinu' the gr'aft is made, or through wounds pr’oduced at some later 
fieriod {18, SI, S8, 4 /)- The galls proper on apple are compar-atively 
smooth and as a rule do not have roots growing directly from the 
surface, although roots fr-equently gr*ow IVorn the main stern around 
the edge of the gall. Oi’dinaiily the surface of these galls is iu>t 
(‘ovei'ed with a true bark but either v/ith a layer of dead cells or with 
actively gr’owing gall tissue. The interior is usuallv soft like cortical 
tissue but may contain hard woody elements, (lalls of this desciij)- 
tion r'ender infected trees unsalable, but the small per'contage of such 
galls on nursery ap])le trees in the Middle West makes them of little 
economic irnjrortance. A mor*e complete description of these crovviu 
galls has been given by sever'al writers, including Smith et al. {4S), 
Riker and Keitt (31), and Muncie {18), 

(\illus or wound-overgrowth development begins (*ommonly on 
the cut sur’faces of the scion and I'oot after they have been fitted 
together and stored for some time in moist pac'king material. This 
formation of callut!? is of course necessary to (Establish a union between 
the scion and the root. However, a union may be imper'fect because 
of a variety of influences, such as a poor fit in grafting, a scion larger 
than the^root, loose wrap])ing, irregular callus development, and* the 
formation of cork over the callus tissue {10, 18, 31, 35), In many 
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cases the development of callus may continue over a long period and 
may result in an enlargement of sufficient size to deform the tree. 
Enlargements of this character have been stimulated by girdling 
young trees with wire or with a wrapper that failed to rot in a com¬ 
paratively short time {24} 30). Tney are caused apparently by 

the blocking of the downward flow of elaborated food by the girdle 
and the activity of the tissue immediately above the point of restric¬ 
tion. Apparently a similar condition occurs where the union be¬ 
tween the scion and the root is relatively imperfect. As explained 
later, it has appeared from the cause of these malformations that 
they might be controlled, as pointed out by Hedgcock {10), if a better 
union between scion and root could be secured and the formation of 
excess callus prevented by carefully fitting the grafted parts and by 
using suitable wrapping. 

Mixtures of these difl’erent types of development occur with more or 
loss frequency from time to time. Complete intergradations between 
them may be found in many nurseries. Likewise, inoculations with 
mixtures of the crown-gall and hairy-root organisms have given 
complete intergradations of the crown-gall and hairy-root symptoms 
(^4)- Perhaps the most common mixture encountered in the average 
nurseiy is that of hairy-root and wound overgrowth. These occur 
either from the infection of wound overgrowths with hairy root or 
from the formation of overgrowths at hairy-root infections, doubtless 
in large part because of the same factors that induce overgrowths 
above mechanical injuries or girdles. The relative frecpieruy of 
different types of mixtures has boon found to vary in different locali¬ 
ties. 

Although hairy root, crown gall, and wound overgrowths are 
apparently the more important types of graft knots, other kinds of 
overgrowths may occur with considerable frequency under certain 
conditions. Among these may be mentioned (1) burrknots, described 
by a number of writers, including Birmingham (/), Brown (2), 
Swingle (46), Hatton et al. {9), Came (8), and Siegler and Piper {40), 
the last-named workers producing malformations morphologically 
identical with their apple strain of bacteria but failing to isolate these 
bacteria from naturally occurring burrknots; (2) incompatible unions, 
mentioned by Riker {22); and (3) noninfectious hairy root described 
by Muncie {18), Riker et al. {27), and others, the cause of which still 
remains obscure. 

Since the relative prevalence of the different kinds of graft knots 
has a definite bearing upon the types of control measures that should 
be employed, their distribution in the nursery was examined. 

DISTRIBUTION OF OVERGROWTHS IN THE NURSERY 

Malformations, pafticularly at the unions, on trees grown frojii 
piece-root apple grafts appear to occur wherever apple trees are 
propagated by this method. There has been some confusion about 
the relative distribution of these malformations because of the diffi¬ 
culty of diagnosis. It is only within the last few years that the 
causal differences in hairy root, crown gall, and callus developments 
have been noted. In the survey reported by Riker and Keitt (31) 
crown gall was separated from wound overgrowth and hairy root. 
Hpwever, for the most part these writers placed both wound over- 
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growths and hairy root in the same classification without clistinciio^i. 
Miincie and Suit {19) Jiave reported the results of extensive surveys 
in which they found that infectious hairy root was of comparatively 
small consecpience. In the iVht of other investigations {25^ 27^ 37) 
where the cause and symptc/ms of infectious hairy root are more 
clearly defined, it a})pears that this disease is of great economic 
importance, especially under some conditions. 

The distrihution in the nursery of the various malformations under 
consideration on the underground parts of nursery apple trees has 
been studied by the present writers in several different localities. 
Kach tree in the jnursery row was examined after being dug, and the 
relative i)ositions of the smooth and the knotted trees were noted, 
Jf an overgro\vth was found, its size, position, and character were 
recorded in detail. Two examples of very common types of occur¬ 
rence and distribution are given in figun^s 1 and 2. The actual field 
data have been so arranged that much aliout the condition of each 
tree mights ho indicated by two letters. A comparatively light 
incidence' of overgrowths often shows the tyjx' of distribution illus¬ 
trated in figure 1. Tliis record was taken in one long continuous 
ro\v of whi(‘h the trees recorded comprise only a small part. A 
common distribution showing a heavy incidence of overgrow tl)s 
appears in figure 2. Results similar to those just (*ited (figs. I and 2) 
w ere see'ured in most of the studies on (‘ontrol reported later (tables 
1 to 5). Tlie details of these records are omitted because of their 
large volume. 

These records, of which figures 1 and 2 are small and condensed 
examples, suggest that (1) if the hairy-root organism comes from the 
soil where the grafts are planted it is well distributed there; (2) if it 
comes in with (he grafts it is also well distributed ajuong the grafts; 
and (3) after the disease develojis it may spread somewhat along the 
nursery row . The question of the source of hairy-root inoculum has 
received detailed consideration in other papers (//, 29). Crown gall 
was found only occasionally. In most of the studies reported in this 
])aper it conijirised less than 1 percent of the ovc'rgrow ths. Excess 
callus or w ound overgrow ths occurred wdth relative fn'quency on the 
first-year trees; on second-year trees they were often either lu'aled 
over or infected with hairy-root ba(*teria; on still older trees they 
freiiuently occuiTed in eomliination with hairy root. 

DISTRIBUTION OF OVERGROWTHS ON TREES 

Most of the overgrow’ths on the underground parts of the main 
stems of the trees occur at the union between scion and root, as 
shown in figures 1 and 2. Further records of 54 trials on trees grown^ 
from grafts wrapped wdth string and of 54 corresponding trials (in* 
trees wrapped wdth adhesive tape are show n in table 1. Tliese trials 
were made in Iowa, Kansas, Minnesota, Missouri, Nebraska, Okla¬ 
homa, and Wisconsin on 1- to 4-year-old trees of the following 
varieties: Bayfield, Black Ben, Delicious, Dudley, Early Harvest, 
Fameuse, Florence'(erab), Gano, Golden Winesap, Goodhue, Jonathan, 
McIntosh, NortJiwestern Greening, Oldenburg, Perkins, Red Siberian 
(crab). Red Wing, Wealthy, Whitney (crab). Yellow* Transparent,, 
and Y"ork Imperial. 



918 


Jovnial oj Agricultural Research 


Vol. 48, no. 10 


On an average, less than 5 percent of the trees had overgrowths on 
the scions and less than 2 percent on the roots, whereas approximately 
2.> percent of the trees grown from commercial string-wrapped grafts, 
and from 7 to 14 percent of the tape-W/’ap^ed trees, had graft knots 
at the unions. There w’as considerablflf variation in individual trials. 


o 

O 

0 

0 

o 

o 

o 

o 

o 

o 

/rs 

//a 

o 

o 

0 

o 

O 

o 

o 

0 

o 

o 

o 

o 


0 

o 

0 

o 

o 

0 

O 

0 


0 

o 

o 

o 

o 

o 


o 

0 

o 

Au 

0 

O 

o 

o 

o 

0 

o 

o 

o 

o 

o 

o 

o 

0 

0 


0 

o 

//£/ 

hu 

0 

0 

0 

o 

0 

o 

Ac 

o 

o 

o 

o 

o 

o 

o 

o 

//if 

o 

Ac 

o 

o 

o 

o 

o 

o 

0 

o 

o 

o 

o 

o 

0 

o 

o 

o 

0 

o 

M? 

o 

o 

o 

Ac 

/rs 

o 

o 

//C 

0 

0 

0 

0 

o 

o 

//c 

o 

0 

o 

o 

o 

//c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

Ac 

o 

o 


/rs 

o 

o 

o 

0 

o 

o 

//u 

o 

o 

o 

o 

o 

X2/ 

o 

o 

o 

Au 

o 

o 

o 

o 

o 

0 

o 

o 

o 

o 

O 

0 

0 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

Ai/ 

o 

o 

o 

o 

o 

o 

o 

o 

0 

o 

K</ 

0 

0 

o 

o 

//u 

o 

0 

0 

0 

//u 

o 

0 

o 

o 

0 

o 

o 

o 

0 

o 

o 

o 

o 

o 

o 

0 

0 

o 

o 

o 

0 

o 

o 

o 

o 

o 

o 

o 

o 

o 

0 

0 

0 

o 

o 

o 

o 

0 

o 

0 

o 

o 

o 

0 

0 

o 

0 

o 

o 

o 

0 

o 

0 

0 

o 

o 

//c 

0 

0 

//u 

o 

o 

//(/ 

o 

o 

0 

0 


0 

o 

o 

o* 

o 

o 

o 

0 

o 

o 

/fu 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

(rS 

0 

o 

o 

0 

o 

o 

o 

o 

o 

o 

o 


Au 

o 

o 

o 

o 

o 

0 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

//u 

o 

o 

o 

o 

© 

o 

o 

o 

//c 

o 

o 

o 

o 

0 

o 

0 

/fu 

//c 

0 

Aa 

0 

o 

o 

o 

o 

0 

0 

o 

o 

o 

o 

o 

//u 

Ac^ 

o 

o 

0 

o 

0 


o 

b 

Ku 

0 

o 

//u 

o 

/fu 

o 

o 


0 

o 

o 

o 

o 

0 

o 

o 








FKiURK 1 - “Distribution of enlargements in one continuous row (reading from left to right) on 2-year-old 
Yellow Transparent apple trees propagated in Iowa from tongue grafts The characters of t he individual 
trees are summarized according to the following symbols* *, .Smooth, (7, large crown gall, 7/, large hairy 
root, A, small hairy root; K, large callus or wound overgrowth; k, small callus or wound overgrowth; 
c, located on the scion; w, located on the union; located on the stock 

From 0 to 18 percent of the trees had overgrowths on scions, from 
0 to 93 percent on unions, and from 0 to 7 percent on roots. These 
results confirm those of a number of earlier papers. However, the 
percentages of overgrowths at the union in these trials were lower than 
those rraorted by several workers, including Doidge ( 4 ) and Muncie 
{ 18 ). Tliis difference is probably due t6 recent improvements in 
grafting technic and in cultural practices. 

■' Some diflSculty was experienced in differentiating incipient hairy 
root from burrknots on the scions of such varieties as Bayfield and 
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Okabcna, on which burrknots occur frequently. Such burrknots 
have not been included in these records. Ovorp’owths were found 
from time to time on the lateral roots. In some cases they api)eared 
to follow mechancial injury incident to cultivation, but more fre¬ 
quently they were in positions where only insects could have reached 
them. This subject is discussed more fully by Hildebrand {11). 
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P'KirKK 2 - Distribution of eularpeineuts iii om* continuous ron (roadinji fioni left to right) on 2*>eur'ol<i 
Wealthy apple trees propagated in Kansfis from tongue grafts I’he characters of the individual trees 
are suinnianzeil according to the symbols shown for figure 1 

Table 1 . — Relative frequency of occurrence of enlargements on various underground 
parts of nursery apple trees grown from piece-root grafts, 1029-31 

— „ ... __ ^ 

Trees w it h enlargement s on - 

Year Trials Wrapiw eJmined-1-- 

Scion I Union Stock 

Number Percent Percent Percent 

String. - - 8,469 4.6 24 8 0 8 

Tape.. 11.848 3 0 7 2 1 1 

String—*. - 8..')04j 1.1 2b \ 1.0 

Tape. 8.760 ! 11 14.2 | 18 

String. i 4,132 3.2 25 0 | .5 

Tape. -.-I 4,984 3.1 13 6 1 1» 
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CONTROL OF OVERGROWTHS 

METHODS AND MATERIALS 

In experiments for the control of ttte various overgrowths on the 
unions of pieee-root-grafted nursery ap^de trees, four factors have been 
considered: (1) The kind of seedling employed, (2) the treatment of 
seedling roots with various antiseptics, (3) the manner of making the 
graft, and (4) the material used for wrapping the graft. As is pointed 
out later in this paper and in more detail by Hildebrand {11) and 
Riker and Hildebrand {29), wounds produced by soil insects repre¬ 
sent another factor deserving special consideration. 

The practice of excision of overgrowths and subsequent antiseptic 
treatment is not considered in the present paper, because of previous 
unpromising results. 

A considerable range of conditions was sought in making the 
difierent trials. For this reason tests were conducted in representa¬ 
tive nurseries in a number of States, namely, Iowa, Kansas, Minnesota, 
Missouri, Nebraska, Oklahoma, and Wisconsin. The complexity of 
the problem and the multiplicity of factors involved have hindered 
the rapid progress of the work and must be considered in the inter¬ 
pretation of the results secured. Various factors have operated alone 
or in combination in different nurseries during the same season and 
in the same nursery in different seasons. C(Ttain control measures 
successful in one place have failed completely in another. Conse- 
<piently, corresponding variability has been introduced into repeti¬ 
tions of the trials, the more important trials having been repeated in 
several places in the same season and in the same place in different 
seasons. The trial grafts differed from the corresponding control 
grafts in only one particular. 

The varieties of trees employed differed in different localities. In 
general, varieties grown in comparatively large numbers and those 
reported to be susceptible to enlargements at the union were chosen 
for the tests, but some of the less popular and less susceptible varieties 
were used also. 

The age of the trees used differed in different localities. In the 
Northern States the trees stood 3 dflt 4 years in the nursery; in the 
Southern States they were lifted after 1 or 2 growing seasons. In a 
number of cases trees grown only 1 season were examined in order to 
secure a preliminary idea of the efficiency of the methods being em¬ 
ployed. The examination was made by removing the soil from 
around the tree until the union could be seen. When this was done, 
special care was taken not to injure the trees, and after the examina¬ 
tion the soil was replaced. Because of the labor involved, especially 
during wet and cold weather, only a small number of trees were 
examined, usually 100 receiving the same treatment and 100 controls; 
in some cases only ^0 of each. These examinations were made at 
random in the larger plantings. 

Most of the records of the different trials were kept in considerable 
detail. The presence or absence of an overgrowth on the under¬ 
ground parts of each tree was noted. Records were kept of the loca¬ 
tion, relative size, probable cause, and character of tissue of all the 
enlargements and of the presence, number, character, and size of 
hairy roots. Howeyer, in a number of cases only a summary of the 
condition at the union was recorded, especially when a representative 
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distribution had been secured for a variety in a given locality and 
when the numbers involved were large. 

Because of the great volume of the records only synopses of the 
data are represented here, except in one representative instance. 

RELATION OF TRlSlES TO CONTROL FACTORS 

The age of the nursery apple trees has an important bearing upon 
the significance of the results secured. In accord with the results of 
Melhus and Maney (f6*), the percentage of graft knots on 1-year-old 
trees was found to be of doubtful value in predicting the percentage 
on the same trees in later years, but is important in showing the 
efficiency of control measures applied at grafting time. A comparison 
of the results with 1-year-old trees and the same trees when 2 years 
old shows that'important factors continue to operate in the second 
season. 

("Comparisons between the percentages of smooth unions on first- 
and second-season trees, some of which had been wrapped with tape 
and others wdtli string, are shown in table 2. The 10 trials involved 
records of data on 14,435 trees. The observations on first-season 
trees were made by direct examination after the soil had been removed 
from the unions. Tlje soil w'as then replaced. Because of the labor 
involved, a comparatively small number of trees in each lot (between 
50 and 100 taken at random through the entire planting) were 
examined. 

Tabll 2, -Percentages of smooth unions on grafts of various plantings of nursery 
apple trees at different ages 


smooth unions on trees wrapi^ed wi 


Stale 


Kansas - 
Minnesota, 


Iowa. 


Nebraska., -- 


Minnesota. 


Vanet j 


I Amount of 
I graft knot 


Tuih} 




Ij Wealthy . - , 

1 - .do. 

f . -do. 

\Okabona_- . . 

-,-do. 

Oldenburg.- 

--do. 

Yellow- transfurent. 

_do. 

Wealthy. 

.. do.. 

-- do. -- 

Bayfield. 

—do. 

Wealthy_ - 

-.do. 

Okalieua. 

—do. 


Ureal-, 
-.do-, 
,-do.. 
--do.. 
Small- 
..do,. 

- do,. 

- do-- 
-.do.- 

...do.. 

-.do-- 

- do. 
Ureat- 

...do.. 
.-do.. 
...do,. 
.. do., 
--do.. 


Str.ng 


First 

sea¬ 

son 


Pet 
96 I 


too 

95 
100 

92 

100 

91 

97 

96 
100 

81 

82 

92 
100 

84 

100 


Sec¬ 

ond 

sea¬ 

son 

Pet. 

\ 77 
! 67 

Third 

sea¬ 

son 

Pet 

Fourth 

seaon 

Pet 

First 

sea¬ 

son 

PcL 

54 

34 

Sec¬ 

ond 

sea¬ 

son 

Pet 

37 

39 

Third 

sea¬ 

son 

Pet. 

Fourth 

vseason 

_ 

Pet 




— - 

! 94 



46 

48 



58. 



16 

4 


. 

99 



55 




98 



68 

74 



i 94 i 



56 

79 


L- 

i 97 1 



84 i 

89 


!. - -- 

96 



82 i 

88 


1 - 

90 



i 

86 


1 


"’Hf 


70 


81 

.. 

- 

94 

!.1 

' 92 


! 82 




" '*49 

48 

- ! 


in 
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_ 

36 

,58 

1 


1 29 



59 

40 


_ 

14 

1 i 


67 

46 



34 


44 

36 



13 

. 

! 

42 

16 



8 

.1. 


! 




Wlien the amount of graft knot was large, several results were 
noted which deserve comment. Infectious hairy root was the pre¬ 
dominant type of overgrowth. The trees wrapped with tape generally 
appe'ared to be protected during the first year against the several 
factors causing the development of graft knots, but tliis protection h&d 
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little influence during the second year when the agencies producing 
graft knot eontinued to operate. The question as to just what these 
agencies were and the method by which they acted has been discussed 
in more detail by Rikcr and Hilaebrand (29). These writers have also 
reported that the possibility of long intubation periods for bacteria on 
actively growing trees under favorable conditions seems too remote to 
have much bearing upon this question. Siegler and Piper ( 40 ) have 
reported that causal bacteria could be isolated rarely if at all from 
aerial crown-gall inoculations after 65 days. 

When the amount of graft knot was relatively small it appeared that 
many of the unions wrapped with string which had shown wound over¬ 
growths or excess callus by the end of the first year became smooth by 
the end of the second year. This process had been noticed earlier by 
Melhus and Maney (f6*), with respect to poor unions. The time 
required for excess callus to become smooth depended upon the size 
of the callus, the vigor of the tree, and the absence of other knot- 
producing agencies. No cases were noted of recovery from infectious 
types of overgrowths. 

C\unparisons between the iiercentagcs of smooth unions on trees of 
different ages, e.g., on first- and third-season trees arid on first- and 
fourth-season trees, pive similar results. A total of 8,906 trees was 
examined in these trials. 

These results have a definite bearing upon the interpretation of the 
various control studies. It appeared quite clear that the first season is 
not necessarily the most important for the development of graft knots; 
however, it may be the most important for interpreting the results of 
the control measures applied at grafting time. When the amount of 
graft knot was large and the graft knots were predominantly of the 
infectious hairy-root type, the first season was often less important 
than the seasons thatiollowed. On the other hand, when the amount 
of graft knot was small and the graft knots were mostly of the wound- 
overgrowth type, there was often no material change from the first 
season. Except during an epidemic of hairy root, the per(‘entages of 
smooth unions following string wrapping increased during the second 
season; however, they never reached the point where they exceeded 
the percentages of smooth unionsf«^ following tape wrapping. No 
epidemics of crown gall were observed. Since control measures thus 
far have been applied alniost entirely at grafting time and during the 
first season, these studies show^ that under certain conditions the 
methods used cannot be expected to yield fully satisfactorresults. 
However, they can, perhaps, reduce the intensity of an epidemic by 
lowering the percentages of trees that provide inoculum for later years. 
Thus far there is no evidence to show that the crown-gall (31) and 
hairy-root (11) bacteria mav gain entrance into the host tissue in any 
way except through wounas. Consequently, these studies point to 
the root-chewing insects in the soil and to injuries during cultivation 
as agents in the production of epidemics, certainly after the first season 
and probably during the first season. 

INFLUENCE OF SEEDLING STOCK USED 

To determine what influence the seedling stock might exert on the 
number of enlargements that develop from piece-root grafts, 32 trials 
wfere made invoiviiig 31,000 grafts. Seedlings from Fran(*e and from 
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the States of Colorado, Kansas, Vermont, and Washinp:ton were 
compared. The trials were made during several years, in Iowa,Kansas, 
Missouri, Nebraska, and Oklahoma, with s(‘ions of the following 
varieties: Rome Beauty (dark'red sport), Delicious, Golden Delicious, 
McIntosh, and Wealthy. TJke details of these studies are omitted 
because of their volume. 

In all but nine of the individual trials the percentage differences of 
smooth trees on grafts with different seedlings were relatively small. 
When the jicrcentage differences were 10 or more the valuc'^s are listed 
as examples to show the variations. In these trials the percentage 
differences in smooth trees obtained from the use of different lots of 
seedling stock were IS, ,32, 12, 35, 32, 12, 10, 11 , and 11. The first 
five of these examples showed a predominance of infectious hairy root. 
In these cases it seems clear that in each trial one lot of the seedlings 
employed carried the liairy-root organism on the surface to a much 
greater extent than the other. Out of the M lots of seedlings employed 
in the 32 trials, 39 lots yielded over SO percent of smooth trees when 
they were lifted. The relatively large percentage of smooth trees 
and the diversity in type of the enlargements that were found suggest 
that hairy-root bacteria on the surface of seedling roots was not a 
very serious factor in a majority of the cases studied. Although dif¬ 
ferent lots of seedlings showed considerable variability, no correlation 
in the amount of graft knot was found between one year and the next 
with the seedlings from one region or even from one nursery. But in 
several cases it was found that various shipments of seedlings from a 
particular nursery gave consistently unfavorable results in several 
different States in the same year. However, the next year the seed¬ 
lings from that same nursery w^re among the best employed. To 
summarize these results, it appears that, in accord with the results of 
Waite and Siegler (4*9) and Siegler and Piper (41), circumstantial 
evidence was found indicating that tlie (uiusal bacteria may be carried 
on the surface of certain lots of apple seedlings. It therefore seemed 
desirable to try isolations from the surfaces of suspected seedlings. 

Out of 19 attem])ts at isolation, positive results were secured in 15; 
repetitions of these trials gave similar results. The hairy-root 
bacteria w^ere obtained from seedling apple roots in 24 out of 20 trials. 
The identity of the bacteria was determined by certain cultural 
characters and by successful inoculations into plants. 

Other factors besides the presence of hairy-root bacteria should be 
mentioned in considering the incidence of overgrowths in grafts niade 
with different lots of seedlings. The physiology of the seedling in 
relation to ripeness and to resistance is well worthy of further study. 
Attention has been given by several writers {8^ I/, 34^ 4^) to the 
question of resistance of different varieties of fruit trees to crown gall 
and related diseases. It therefore seemed desirable to determine 
whether apple seed from different sources would produce seedlings that 
differed in resistance to graft knots. 

The exact source of the seed was not easy to determine. However, 
in a few instances the seed was followed from the variety of apple that 
prcdiiced it, and iirthree cases the seed was traced to individual trees. 
Two experiments with seed from Hopa (crab) and Meader trees may 
be mentioned together. The special seed was planted in the same 
field witlrcommerciHl seed, and the scedlinvs were used to make piece- 
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root grafts with McIntosh scions. At the end of two growing seasons 
from the tim'e the grafts were planted, data were recorded for 500 
trees from each seed source. The trees grafted on seedlings grown 
from Hopa seed were 89 percent smooth; those from Header seed 
also were 89 percent smooth. Those from four corresponding lots of 
commercial seed were, respectively, 58, 56, 56, and 61 percent smooth. 
In a similar trial involving similar numbers, seed from Wealthy trees 
was employed to grow seedlings on which were grafted Jonathan 
scions. The trees grafted on seedlings grown from Wealthy seed were 
91 percent smooth. Those from three corresponding lots of commer¬ 
cial seed yielded, respectively, 74, 78, and 78 percent smooth trees. 
Although these results are too few to justify conclusions, tliey are 
sufficiently striking to show’ the desirability of further w’ork in this 
direction. Such work j)resents the difficulty, however, of differentiat¬ 
ing between the amount of true resistance and the amount of response 
to causal bacteria carried on the surface or w’ithin small injuries. 
-\lthough these Hopa, Meadcr, and Wealthy seedlings received the 
same treatment as the commercial seedlings, the possibility remains 
that they may merely have escaped surface contamination by the 
hairy-root bacteria. 


VALUE OF CERTAIN ANTISEPTICS 

The presence of the hairy-root bacteria on the surfaces of certain 
lots of seedlings points to the possible value of antiseptic treatments for 
seedling roots. 

Certain antiseptics appear to have promise at times in preventing 
infection when the grafts are made from seedlings carrying undesirable 
bacteria. Since Waite's work in 1909,* antiseptics have been em¬ 
ployed with varying success by a number of workers (7, 10, 12, 15, 
16, 20, SI, S6, JJt, 48, 49, and 50). The present writers made trials 
with a considerable number of antiseptics in the hope of controlling 
the various overgrowths due to bacteria that gain entrance into the 
plant at grafting time. However, since it has been determined, as 
explained earlier, (1) that not all graft knots are due to bacteria, (2) 
that not all seedlings carry infectious Jbacteria in significant numbers, 
and (3) that a considerable percentage of the graft knots are caused 
by hairy-root bacteria that gain entrance to the tissue months after 
the union is established (11, 29), it is not surprising that the results 
of work wdth antiseptics have failed to be uniformly promising. 

A considerable number of substances were given laboratory, 
greenhouse, and field trials. The best of these were selected for 
more extensive trials. Thirty-five treatments, with corresponding 
controls, were made in the preparation of approximately 25,000 grafts 
in Iowa, Kansas, Minnesota, Missouri, Oklahoma, and Wisconsin 
with scions of the following varieties: Rome Beauty (dark red sport), 
Jonathan, Stayman Winosap, Wealthy, and Yellow Transparent. 
Since most of the antiseptics were not found to be satisfactory, 
mention is made of only three. 

Hydroxymercurichlorophenol sulphate (Semesan) was used in 15 
trials, which are summarized in table 3. 

* ^ It appears that Waite was the first to employ an antiseptic (formaldehyde) solution as a dip for ap^ile 
^tocl^s and scions before grafting. A.lthoiigh this early work was unpublished it has already been noted 
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Table 3. —Effect of three antjsephcs on occurrence of malformatiom at the ufitons 
of piece-root-grafted nursery apple trees 


Antiseptic 


Seinesan.- 

Controls..- 
Seinesan . . .. . 

Controls. 

Silver nitrate .. . 

Controls. 

Silver nitrate. , 

Controls.. .... 
Mercuric chlonde. . 
Controls. 


Trials 

(if 

iree'y 

W rapper 

Total 
trees ex¬ 
am inpd 

,Vm rnhf r 

Yatrat 

-- - 

Number 

to 

1-3 

.^triufi. 

2,172 

JO 

1-3 

. 

2, CM 

*, 

1-2 

Tape - 

1 1, t)7.’) 

5 

1-2 

- do _1 

2,550 

' 1. 

l-.l 

SlniiR- - - - 

1 2,150 1 

1 ** ' 

1-3 

.. - do.- --- 1 

1 2,«7(} 


1-3 

Tape. 

' 4.098 ! 

s 

1-3 

- . do.1 

i 4,204 j 

1 2 

2 

do..., 

, 834 I 

2 

2 

_(io__1 

1 1,792 1 


i TreCrt show ing indicateil 
I condition at union 
Stand I-—”,-- 


'Smooth j 


Small 
knot« 


Lar^e 

knot 


PtTceni 

r)2 

52 
Of) 
03 
07 

53 t 

54 
00 
04 I 

fU I 


i 


Percent 

1 

Per cent \ 

Percait 

74 

S ! 

18 

70 

10 ; 

20 

85 

1 

14 

81 

1 ! 

18 

80 

4 

10 

82 

0 i 

12 

95 

2 

3 

94 

1 

5 

94 

1 

5 

80 ! 

0 . 

20 


«> Tins class included all enlart’einent'', reuardlos of cause, smaller in cross measurements than half the 
diameter of the tree 

’'This class included all enlar>?cnieDrs larger in cross measurements than half the diameter of the tree 


In 10 of the trials the pafts were wrapped with string or cloth and 
treated in a 1:400 solution according to the directions of Waite and 
Sie^ler In the 5 other trials only the seedlings were treated and 

the grafts w’cre wra])ped with adhesive tape. The control grafts 
received no trealiuent whatever. In one trial in Minnesota, after I 
season of growth with a string wrapper, the treated grafts showed 08 
percent smooth, whereas the untreated grafts show^ed 42 percent 
smooth. In another trial, in Missouri, after 2 seasons of growth with 
a cloth w rapper, the treated grafts show’cd 50 percent smooth and the 
untreated grafts 8S percent smooth. The Minnesota trial showed a 
dilference of 20 percent in favor of the treatment; whereas the Mis¬ 
souri trial showed a dilference of 32 percent against the treatment— 
great and contradictory differences. However, in most cases the 
differences were rather small and more of them were in favor of the 
treatment than against it. The averages given in table 3 show^ several 
percent in favor of the treatment. The average difl’erenc'es are con¬ 
sidered to be within the range of experimental error. The stand 
appeared not to be inlluenced by the treatment. These results appear 
in genc'ral accord with the following statement by Siegler (89): ‘^^Ye 
experimented with the use of Semesan w^hich gave good results in 
earlier years but w^hich recently has not proved so efficacious.” As 
explained earlier, the factors that operate to induce overgroW'ths in one 
place may be very different from those in another. The case in wiiich 
32 percent more enlargements were induced in the treated grafts 
than in the controls was very puzzling. An explanation w^as sought in ^ 
a laboratory study of this substance. 

The efficien(‘y of the hydroxymercurichlorophenol sulphate was 
determined against the crown-gall organism with a modified Rideal- 
Walker technic as used by Keitt, Shaw^ and Riker (14)* In the ab¬ 
sence of any organic matter a dilution of 1 in 800 at 20® C. killed a 
measured concentration of, a 48-hour-oId washed culture of the bac¬ 
teria in 10 minutes, but not in 5 minutes. As was to bo expected, the 
presence of a little soil extract or other organic material considerably 
reduced tlie efficiency of this antiseptic. It seems likely that, under 
nursery conditions, enough soil might easily be present to counteract 
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the* g^ernncidaj effect of the chemical. Under such conditions it ap¬ 
pears probable that the treatment might spread rather than destroy 
any bacteria present. 

vSilver nitrate, 1:1,000, gave rather poor results in the control of 
overgrowths. The seedling roots weref^dipped in this substance and 
held for 2 minutes; no {riibsequent treatment w^as made. In 6 trials 
the grafts were wrapped w ith string and in 8 with tape. A summary of 
these trials is incluaed in table 3. The differences between the per¬ 
centages of smooth trees resulting from the treated grafts and those 
resulting fro.m the untreated grafts somewhat favor the treatment 
but are still within experimental error. However, the injury frojii 
the silver nitrate produced a noticeable reduction in stand. 

The statistical method of Fisher (o) was applied to these data, in 
consultation with Dr. R. A. Brink, of the University of Wisconsin, in 
order to see whether the treatments might be more effective than they 
appeared. The significance of the mean difference in relation to the 
standard deviation of the difference was calculated. For treatments 
with bydroxMnerciiii(*hlorophenol sulphate and with silver nitrate, 
the values of P WTre 0.7 and ().(>, respectively. These calculations, 
wdu(*h are on itted because of their large volume, corroborate the 
conclu'^ion derived from inspection that these treatments had little 
if ary eff*e( tiv» ne s in general practice. 

Mercuric chloride, 1:1,000, in limited trials has given more j)romis- 
ing results than any other antiseptic emploved. The average of tw^o 
trials show’^n in table 3 indicates that if used in conjunction with tape 
wrappers it may be effective, especially if the seedlings carry infec*- 
tious bacteria. Other trials now under w^ay appear thus far to corrob¬ 
orate these results. 

Tested by the laboratory method described above, mercuric chloride 
showed considerably greater toxicity than Semesan. A dilution of 1 
in 15,000 at 20® C. killed a measured concentration of a 48-hour-old 
culture of crowm-gall bacteria in 10 minutes, but not in 5 minutes. 
Further work with antiseptics seems desirable. 

COMPARISON OF WELL-MATCHED TONGUE AND WEDGE GRAFTS 

The type of jjraft in relation to the prevention of various over¬ 
growths at tiie union of piece-root apple grafts was examined in a 
number of trials. Hedgcock' (10) re])orted that poorly made grafts 
were n ore likely than well-made ones to produce callus enlargements 
and were also likely to become infected. In addition, Riker and 
Keitt (SI) showed that poorly made grafts united only a part of the 
scion to the rcot and that a situation similar to a partial girdle re¬ 
sulted. Siogler (S8) suggested that the fit of the grafts has been 
overemphasized. Melhus et al. (17) found that better unions might 
be secured with wedge grafts. A number of different series of well- 
fitted tongue and wed^e grafts were made. Various lots of these 
grafts were wrapped with adhesive tape; others were wrapped with 
string. The results of these tests are presented in condensed form in 
table 4. , 

These studie.s involved 72 different trials, witli a total of 27,981 
,ton?ue grafts and 21,759 wedge grafts. The results were obtained ^n 
192:{ to 1931, inclusive. The experiments were made in Iowa, Kan- 
s^, Minnesota, Mis-souri, Oklahoma, and Wisconsin on the following 
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varieties: Bayfield, Rome Beauty (dark red sport), l>plicious, Dudley, 
Early Harvest, Golden Delicious, Jonathan, Maiden Blush, Okabena, 
Oldenburg, Red Wine, Wealthy, Wliitney (crab), and Yellow Trans¬ 
parent. The examination of ISrst-year trees, as already explained, 
was made by removing the soi^from around the unions of trees taken 
at random and not by lifting the trees. The data on comparative 
lots of 1-ycar-old trees were taken under one set of conditions, while 
those on 2-, 3-, and 4-year-old trees were taken under different condi¬ 
tions. Consequently, comparisons are possible between trees of the 
same age, but not between trees of different ages. 

Table 4. —Effect of tongue and wedge grafts on occurrence of vialfor mat ions at the 
unions of piece-root-grafted nursery apple frees 


Wraiiper 


1 


TttiM). 


Strm« 


Tape and string . . 

. 


Trees show mg indicatefi 





Total 


coutlitioii at the union 

Trials 


Age of 

trees 

... 




(Number) 

tiraii 

trees 

exam- 








ined 

1 Smooth 

i 

Small 
knot “ 

Large 

knot 



years 

Xumber 

Percent 

Percent 

Percent 

Percent 

fl4. 

Tongue- 

Wedge. 

1 

1,893 

69 

90 

3 

1 

14 . .. 

1 

L 485 

58 

93 

4 

3 

13. . 

Tongue... . 

2 

7,71« 

53 

92 

1 

7 

13. 

W'etlge ... 

2 

n, 205 

65 

92 

1 

•7 


Tongue. 

3 

3,505 

71 

89 

0 

ll 


W'etlge _ 

3 

3,072 

55 

89 

0 

11 

3. 

Tongue .... 

4 

030 

48 

4 

48 

3. 

\\ etige. 

4 

464 


51 

5 

44 





Summary 








37.. . 

Tongue. ... 
i Wedge. 

1 4 

13,744 

65 

89 

2 

9 

1 37. .. 


11,286 

60 

89 

2 

9 




(10. 

1 Tongue. 

W'edge. 

1 

926 

65 

59 

17 

1 ^ 24 

10. 

1 

850 

57 

62 

18 

20 

14 -. . . 

Tongue. 

W’edge. 

2 

8,459 

75 

74 

4 ; 

! 22 

14. 

1 2 

6,681 1 

63 

75 

3 1 

22 

8. 

Tongue. - .. 
Wedge. 

3 

4,249 

71 : 

73 

1 1 ! 

1 26 

8. 


2,449 

69 i 

i 72 

1 

27 

3 . 1 

Tongue .. 

4 

603 


1 24 

4 

72 

3. 

W’edge. 

! 

493 

_ 

1 


5 

80 





Summary 

~ 1 

1 ; 

j 


1 ^ 



35. 1 

Tongue - _ 

1 ^ 

' 14,237 

1 70 , 

65; 

, 7 

28 

' 35. 

Wedge. 

1-4 1 

10,473 

! 01 1 

65 i 

1 ~ 

28 



* 


Summary 

1 


...... ,. ^ 


1 



72. ... 

Tongue ....i 
Wedge_ 1 

1-4 ! 

27,981 

OS i 

78 1 

4 

18 

72 

1 

1-4 I 

1 21,759 

60 ' 

78 1 

4 

18 


“This olass included all enlargements, regardless of cause, smaller in cross measurements than half the 
diameter of the tree 

This class included all enlargements larger in cross measurements than half the diameter of the tree. 


Considerable variations in the percentajic of overgrow ths at the 
unions were found in both directions in the comparison of tongue and 
wedge grafts. These variations occurred whether the grafts were- 
wrapped with string or tape. It appeared from these trials that there 
was no significant difference between tongue and wedge grafts in the 
reduction of overgrowths at the union. These results are not neces¬ 
sarily opposed to those of Melhus et al. (17), for apparently these 
writers W'ere concerned ijrimarily with callus developments, w'hereas 
the present writers considered all the various kinds of overgrowths 
djs'eussed earlier. 

The reduced average stand of the wedge grafts wrapped with string 
as compared with that of tongue grafts seemed to have little sigixifi- 
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cjance because o&the great variations in the results and because these 
variations faVored first one and then the other type of graft. Fisher’s 
method (5) was applied to the data on stands of tongue and wedge 
grafts at the end of the first season, to determine the significance, of 
the mean difference in relation to the standard deviation of the 
difference. The value of P was 0.4, indicating that the difference had 
little if any si^ficance. However, it should be noted that wedge 
grafts wrapped with string were more likely than tongue grafts to 
come apart before they were planted. Likewise, the wedge grafts 
had a greater tendency to send up sprouts from the seedling roots. 
Wljen the grafts were wrapped with tape, the possibility of their 
coming apart and of the roots sending up sprouts was reduced. 

EFFECT OF KIND OP WRAPPING USED 

For reducing the percentage of enlargements at the unions of piece- 
root-grafted nursery apple trees, the kind of wrapping used was the 
most important single factor studied. A considerable number of 
different kinds of wrapping were tried, including string, waxed string, 
chemically treated stnng, string covered with wax after wrapping, 
paper, raffia, chemically treated raffia, raffia covered with wax, elotli, 
waxed cloth, and a number of kinds of adhesive tape. Hedgcock (10) 
found that, of the wrappers he tested, cloth was the best. In the 
present trials cloth was found to be better than any of the others 
except adhesive tape. Consequently detailed reports of the long 
series of trials in which wrappers other than adhesive tape wtue em¬ 
ployed have been omitted. However, certain determinations wore 
made which deserve mention. It was found that by means of a arioiis 
treatments with different chemicals the string wrappers could be 
preserved for practically any length of time during the growing season. 
It was also observed that under average conditions a string wrap])er 
that remained longer than 12 weeks was likely to produce ginlling. 
The time necessary for decay of the wrapper varied considerably under 
different environmental conditions. When the ground was unnsimlly 
moist the trees grew more rapidly and the wrapper decayed more 
quickly. Conversely, when the soil was comparatively dry the wrap¬ 
per lasted longer, but the trees did not grow so rapidly, 'fhe strength 
of the string decreased rather gradually as the season progressed. 
This diminution apparently'depended on the ready access of soil 
organisms, for any protected portion of the string retained its strength 
much longer than the unprotected portions. 

The adhesive tape chiefly employed was essentially a cloth Avrapping 
to which had been added a plaster mass. The adhesive-tape wrapper 
provided several valuable features, including (1) reasonable cost, (2) 
easy application, (3) firm wrapping, winch prevented injury to the 
union during subsequ^tmanipulations and which facilitated handling, 
(4) a Avaterproof covering, which prevented the entrance of undesirable 
material, (5) a mechanical prevention against the development of 
excess callus on the surface of the union, and (6) a barrier for some 
months against insect injury at the union. 

Not all kinds of adhesive tape were satisfactory. A small number 
of trials Avith electrician’s friction tape and with tape spread Arifh 
“sqrgeon’s mass” gave such unpromising results that they, were dis- 
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contiij 110(1. Certain other special tapes in which various chemibals 
were incorporated sonietiines showed no advantage over ordinary 
tape. Some of these special tapes had serious disadvantages; a few 
of them considerably reduced'the stands, and two samples that were 
tried prevented any ot the wafts from growing. Several of these 
special tapes were comparatively slow to decay in the soil and for 
that reason might last long enough under some conditions to produce 
ginlling. The adhesive tape ^ employed in these trials was rather 
similar to that used extensively by the medical profession, but with 
modifications in the inteivsts of economy. 

The manner of application of the adliesive tajie was found to be 
important both in relati<3n to speed and to the results secured. Scions 
5 to 0 inches long and roots 3 to 4 inches long were used f(H* the grafts, 
which were w(41 made from good materials. The method of applying 
the adhesive tape was equally successful with either tongue or wedge 
grafts. A roll of } 2 -inch-wide adhesive tax)e was mounted on a roller 
at the side of the o|)erator. The graft w’a,s turned in the hand and 
the tape was aj)])lie(l in a spiral wrap over every part of the union and 
overlai)ped the edge slightly. Only enough tape was used to make a 
water-tiglit covering over every part of the cut surface. The tape 
was so applied that no more than two thickness('s of material circled 
the graft at any one point. After a little practice it was ])ossible to 
wnip 400 to 600 grafts in an hour. The amount of tape used varied 
with the size of the grafts, but on an average approximately 110 yards 
of tape one half inch wide WTapped 1,000 grafts. 

Tlie tests with wTappers covered a wide range of conditions. R(»sults 
are reported for the years from 1925 to 1931, inclusive. The unions 
of the tirst-year trees tak(»n at random w^re examined by removing 
tljc soil to a suitable depth for inspection. Sometimes only 50 tape- 
wTapped and 50 string-wrapped trees were examined, but at other 
times there were 100, 250, or 300 in each lot. 

The results from the use of tape wu‘appers as compared with those 
from the use of commercial wrappers have been summarized for each 
trial (table 5) and have been grouped according to the age of the 
tn’se at the time the data were taken. As explained earlier, no com¬ 
parison should be made betw^een the data on trtH's of different ages, 
for the trials arc not comparable. 

Table 5 presents the results of 145 trials with adhesive tape wuap- 
l)ers with a corresponding set of controls. The trials with tape in¬ 
volved 55,326 trees, and the controls involved 55,105. This talde 
show'S no significant difference in stand because of the different w rap¬ 
pers. It shows variabilitv in the amount of graft knot according to 
ap of tree, variety, and the State in which the trees were grown. It 
also indicates a distinct increase in the percentage of smooth trees 
correlated with the use of adhesive tape. At the same time it em¬ 
phasizes the variation betw^een individual trials and indicates that 
different factors operate in the same nursery in different seasons and 
in different nurseries in the same season. 

A summary of table 5 is given in table 6. 

Manufactured under the name '‘nurseryman's 
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T \BLE 5 - Effect off siring ® and adhesive-tape wrappers on occurrence of malfor¬ 
mations dt the unions o) piece-root-grafted apple frets of various ages 
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Table 5.— Effect of siring and adhesive-tape wrappers on occurence of malforfna;;^ 
iions at the unions of piece-rooi-grafted apple trees of various ages--Conthmed 


SECOND-YEAR TREES-Continued 
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THIRD-YEAR TREES 
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50 

64 

0 

36 

50 

94 

0 


f...do.- -. 

134 

66 

5 

29 

120 

85 

5 

1 

- do. 

306 

65 

n 

24 

215 

91 

0 


do. 

6(K) 

78 

2 

20 

600 

88 

1 

1 

--.do. 

600 

78 

2 

20 

600 

88 

0 

1 

. -.do. 

(XX) 

81 

0 

19 

(XX) 

93 

0 


-do - - 

-600 

81 

0 

19 

600 

94 

0 


—do- --- - ... 

600 

80 

0 

20 

600 

80 

0 

2 

. -do.. . 

600 

80 

0 

20 

600 

89 

0 

1 

..-do. 

376 

1 81 

0 

19 

375 

81 

0 i 

1 

1 . -do. 

361 

! 82 

1 1 

17 

382 

94 

0. 


Whitney (crabl . .. 

5:13 

: 85 

1 

14 

529 

93 

0 

* 

. .do. 

645 

86 

1 

13 

742 

95 

1 ] 


Yellow Transparent- 

061 

79 

1 

20 

972 

l57 

1 


k . do. 

813 

84 

0 

i 16 

‘ 765 

87 

0 1 

V 
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Table 5. —Effect of string and adhesiveAape wrappers on occurrence of rnalforma^ 
tiohs ot the unions of piece^root^grafied apple trees of various ages —Coiitirnied 

THIRD-YEAK TREKS—Continued 

• * 

1 . 

Fnions showing iftidipated ^‘ondition on trees wrttr>l>ed with— 


State 1 

I 

Variety 


String 



Tape 


Total 

evarn- 

ine<I 

Smooth 

|c 

2c 

Large 

knot 

Total ; 
e\am- 
ined 

Smooth 

Small 
knot ‘ 

Large 

knot 

1 


Number 

Percerf] 

Percent] 

Perce nf\\u mber 

Percent 

Percent 

Ptreati 


/Bayfield. . _ ^ 

589 

50 

3 

47 

: 509 

67 

I 

1 32 

1 

Oldenburg. 

-17 

46 

1 

53: 

: 113 

65 

2 

1 .33 


Ooodnue. 

195 : 

M) 

0 I 

40 ' 

‘ 542 

68 

0 

32 


Northwestern Green¬ 










ing.-. 

402 

71 1 

5 

21 ' 

! 736 

71 

2 

27 

JCtUlSlll_ 

Perkins. 

703 : 

06 1 

0 1 

34 

' 310 

71 j 

1 

1 25 


Red Wing- ... 

631 1 

33 1 

0 1 

67 

; 240 

63 ! 

0 


1 

-...do. 

171 

66 i 

5 

29 

482 

82 

1 

! '4 


Wealthy. 

300 

88 ! 

4 1 

8 

3'(‘0 

1 96 

2 

1 2 


do ... .. 

1 1.243 

48 

0 

52 

424 

1 73 

0 

1 27 


I 


FOl UTH-VKAR TREES 


MinneNOta.. 


/Bayfield.i 

161 

18 

_do.1 

184 

29 

Okabena . .1 

111 

8 

...do. 

60 

13 

Wealthy. 

308 1 

3t 

... do . 

308 i 

34 

do.1 

272 1 

11 

.do. 1 

272 1 

14 


73 i 

117 

49 

6 , 

45 

(53 I 

265 

36 1 

7 

’,7 

91 ; 

57 

12 i 

2 ; 

56 

83 j 

87 

14 1 

3 ' 

.’3 

61 ; 

362 

67; 

•J 

.31 

61 

308 

^ 67 1 

A ! 

29 

8.} 1 

331 

i 59 1 

3 , 

18 

81 ' 

260 1 

1 59 1 

0 1 

.$5 


Table t».— Summary of table 5 on experiments showing total or amrage effat of 
string'* nnd adhesive-tape i^rappers on occurrence of malformations at the anions of 
picce-root-grafted nursery apple trees of various ages 


TnaJ'* (number) 


31. 

31. 

78. . 

78.. 

28 . 

28 . 

8 . 

S. 

Summary 

145.... 


Wrapper 


String 
Tatie- 
String. 
Tape - 
String. 
Tape 
String . 
Tape-. 

String- 

Tape 




Total 


I 7’rees show ing indicaied 
I condition at the union 


Age of 

trees 

Stand 




trees 

exam- 





ined 

' Smooth 

Small 
knot'' 



Nu rn- 



- 


Years 

her 

Percent 

Percent 

Percent 

Percent 

1 

2,900 

57 

57 

19 

24 

1 

2,900 

59 

91 

6 

3 

2 

39,555 

60 

75 

3 

22 

2 

38,521 

63 

91 

! J i 

8 

3 

13,974 ! 

63 

73 

2: 

25 

3 

12.118 j 

59 

86 

1' 

14 

4 

1,676 1 
1,787 j 

58, m 


21 

4 i 

75 

4 


53 

4 1 

43 

1-4 

59 

68 

6 

26 

1-4 

55, m 

60 

88 

2 

10 


• Including string, waxed string, and raffia and wax. 

^ This class included all enlargements, regardless of cause, smaller in cross measurements than half the 
diameter of the tree. 

' This class included all enlargements larger in cross measurements than half the diameter of the tree. 


The superiority of adhesive-tape wrapping for reducing the per¬ 
centage of enlargements on piece-root-grafted apple trees 'in most 
•cases is beyond question. In none of the 145 trials in which there 
was niore than 10 percent of disease were the string wrapjwrs found 
to yield a higher percentage of smooth trees than the tape wrappers. 
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This alone places the mathciuatical })robahility thaUthe tape is Val,- 
liable in very significant figures. 

The degree of superiority of the tape is difficult to estimate because 
of the variability of the results. In 20 trials there was less than 10 
percent of disease development on the checks. Consequently, in 
such trials, control measures had little chance to show their value. 
On the other hand, some extreme differences occurred, such as differ¬ 
ences of 40, 42, 48, and 50 percent in favor of the adhesive tape. The 
detailed results show differences ranging from 0 to 58 percent. The 
significance of the mean difference in relation to the standard devia¬ 
tion of the differenci^ when at least 10 percent of knots were present 
was calculated, according to the method of Fisher (5), for trees of 
each age. Wlien the value of P was less than 0.05, the mean differ¬ 
ence in relation to the standard deviation of the difference was con¬ 
sidered significant. The values of P were as follows: For the first- 
year trees, 0.02; for the second-year trees, 0.09; for the third-year 
trees, 0.12; and for the fourth-year trees, 0.02. In considering these 
values the variable factors already mentioned should be held in mind, 
for they make questionable the application of such mathematical 
treatuicnt to some large portions of this data. It is obvious that cer¬ 
tain influences which might affect the older trees, as explained earlier, 
did not affei't the first-year trees. All the results with the fourth- 
year trees were taken in the same northern nursery during the same 
year. Consequently, the different trials were subject to fewer varia¬ 
bles; tins doubtless ac(*ounts for the low value of P, With a suffi¬ 
ciently large number of repetitions in several places and in successive 
years, the writers think that greater variations would probably be 
found. If similarly isolated groups of trials among the second- and 
third-year trees are taken, correspondingly low values of P are found. 

Satisfactory control with adhesive tape was secured in the great 
inajority of cases but not always. Examples may be found in table 5 
in which the percentage of smooth trees from tape-wrapped grafts, 
while better than the controls, was only 29,36,42,44,49, 52, 58, 59, 60, 
etc. It appears from studies described by Riker and Hildebrand {29) 
and by Sieglcr and Piper (41) that results like these may be explained 
in two ways. (1) Infection of the union at the time of grafting may 
take place before the application of the adhesive-tape wrapper. This 
is perha*ps pertinent when the discrepanjc*y appears as it did once in 
Oklahoma on first-year trees. Such results resemble those secured 
from inoculations made at grafting time. (2) Infection may occur 
through injuries niade by cultivation or by soil insects after the wrap¬ 
per has decayed. This possibility has been already considered in 
relation to second-, third-, and fourth-year trees. This was doubtless 
the manner of infection on the first-year Yellow Transparent trees 
grown in Kansas, as recorded in table 5. Fortunately, detailed sea¬ 
sonal development records are available on these trees {29). Except 
for the one case in Oklahoma, these trees represent the worst failures 
on 1-year-old trees that the writers have experienced with tape 
wrappers. 

The importance of infection at grafting time has been given con- 
sideratioti. Considerable emphasis has recently been placed on this 
om 'factor by Siegler and Piper (41). In an effort to discover the 
effect of adhesive tape upon infected unions, a number of grafts were 
inoculated with the hairy-root organism and then some were wrapped 
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with string andcthe others with tape. At the end of the first season, 
both the string-wrapped and the tape-wrapped lots showed 100 per¬ 
cent of hairy root. Repetitions of these trials the next year gave, 
respectively, 95 and 100 percent hfiiiy root. These experiments 
showed that ordinary adhesive tape has uttl^ if any effect on bacteria 
jiresent in the union at the time of grafting. In view of this evidence 
it appears that in many cases reported in tables 2 and 5 infection at 
the union at grafting time had comparatively little direct influence 
on the res\ilts. This is vshown by the high percentage of smooth tape- 
wrapped trees at the end of the first season, suggesting that control 
measures based only on the importance of infection at grafting time 
may lead to disappomtment in many cases. However, when considered 
from the standjioint of providing a source of inoculum for spread in the 
nursery by soil fauna during the latter part of the first season and 
during later growing seasons, as indicated by Riker and Hildebrand 
(i?t9), it assumes more importance. 

Difficulty with the adhesive tape has been encountered in ilnvo 
ways, none of which was serious. (1) The mechanical operation of 
wrapping the grafts and of cutting or tearing the tajie at the })ro])er 
place caused difficulty only at first. (2) Girdling of the trees during 
the first summer was found in about 10 per(*.ent of one i)lanting of 
grafts. In this case too much tape had been wrapped about the 
unions, and the grafts were planted in very sandy soil. Diy weather 
prevailed for some time during the early part of the growing season, 
with tlie result that the tape wrapper was not sufficiently moi.st to 
decay. Even under these conditions no girdling was found on the 
trees that had received the right amount of wrapper. (3) A slight 
roughening of the bark beneath the plaster mass was noted in a 
few cases with certain varieties. Necrotic areas were observed 
which penetrated into the cortex for a short distance. Roughness of 
the union has sometimes been confused with the discolored residual 
particles of the ])laster mass. 

DISCUSSION 

In the control of graft knots the-«eed used for growing seedling 
apple trees has been foimd to be of considerable importance. Since 
different varieties of apple trees have been shown to differ widely 
in their susceptibility to haity root, it seemed probable that a similar 
difference in susceptibility might be found in seedlings grown froni' 
the seed of these varieties. A limited amount of evidence presented 
in this paper shows promise in this line of investigation. But aside 
from their relative resistance, which may be influenced not only 
by genetic constitution but also by conditions attending growth and 
harvesting, the seedlings may supply one or more of the other 
important factors. • 

The seedlings used for grafting may carry pathogenic bacteria. 
How these bacteria arrive at the surface of the seedlings is not yet 
perfectly understood. They may be in the soil where the seedlings 
are grown. However, a seemingly more important factor appears 
after the seedlings are dug. Ordinarily they are collected ia bundles, 
placed in a heap, covered with packing (frequently old packingd^at 
might be classed as refuse), watered, and allowed to stand in order 
to ‘^sweat off’^ the leaves. During this procedure it is obvious 
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that kriot-prodiicinj? bacteria on a very small per<‘ejitage of infected 
seedlings or in the packing material might spread widely over the 
seedlings. There appear to be two possible remedies for this situa¬ 
tion: (1) To prevent the spi^ad of the bacteria; and (2) to destroy 
the bacteria by chemical treajbments. 

The bacteria carried on the surface of seedlings are aided in tlieir 
entry into the union by certain cultural practices. In their effort 
to prevent desiccation of the seedling roots in the grafting room some 
nurserymen keep th(' roots wrapped in moist material* until the 
minute of making llie cut. Under such circumstances it has been 
observed repeatedly that the soil from the surface of the root may 
be carried over the cut surface by the knife, not only introducing 
any bacteria i)resent into the union but also i)lacing a layer of soil 
particles between parts of the scion and root and thus making union 
more difficult. Consequently, seedling roots that are clean and dry 
s('eiu preferable during grafting to those that are wet and covered 
with soil. This appears to be quite im])ortant when the seedlings 
cany hairy-root bacteria, and deserves further experimental study. 

The use of antiseptics on seedlii^s that carry hairy-root bacteria 
a])])ears desirable. The detennination of whether or not the infectious 
bacteria arc carried on the surface of seedling roots is comjiaratively 
<*asy. By means of the technic developed by Patel {21) and Riker 
et al. {27)y any well-equip])ed bacteriological laboratory might make 
th<' deterxninations. However, by no means all the apple seedlings 
carry infectious bacteria in suflicient numbers to be of prijuary 
consexpieiice. Here again there is variation in different seedling 
nurseries during tin* same year and in the same nursery in different 
years. While some of the trials reported in tables 2 and o show^ 
that the bacteria were carried on the seedling and entered the union 
at grafting time, a larger number show that the union was invaded 
later on. 

Wedge grafts appear to liave no advantage over tongue grafts in 
the amount of graft knot developing. There was practically no 
diflerence wdien they were wrapped with tape. When the grafts 
w^cre wra])])ed witli string or raffia the wTdge grafts had a somewhat 
greater tendency than tongue grafts either to come apart before 
planting or to send up sprouts from the root. On an average, the 
tongue* grafts showed a slight advantage in stand. 

The use of the adhesive-tape wrapper has been perhaps the most 
important single factor in the prevention of graft knots. Its function 
is rather complex. In the first place, inoculations at the union 
when the grafts w^re made indicated that the tape had little if any 
effect upon the entrance of bacteria at that time or on the develop¬ 
ment of infection by the bacteria that gained entrance. However, ^ 
it had several other functions: (1) It prevented the further entrance * 
of soil, water, and bacteria; (2) it reduced greatly any chance of 
injury to the union during various manipulations; (3) it encouraged 
better union between scion and root; (4) it prevented superficial 
development of excess callus; (5) some nurserymen have reported 
that it reduced the*growth*of mold at the union; and (6) it prevented 
root-chewing soil fauna from reaching the union for a number of 
nwnths. 

Root-chewing soil insects, including w^hite grubs (Phyllophaga), 
wirewonns (Elateridae), and fungus gnats (Mycetophilidae) (^,9), 
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iijay play an important role in the development of infectious hairy 
root not only during the first season but also during succeeding 
seasons.' Obviously, control measures applied only at the time the 
grafts were made could have little effect on this factor except as 
they might reduce the amount of readily available inoculum. Accord¬ 
ing to conunon entomological observation, the comparatively mild 
winters during the last few years probably enabled a greater number 
of insects to survive and have correspondingly increased their 
importance as a factor in the graft-knot problem. While abundant 
moisture in the soil favored the growth of the trees it also favored 
the production of callus, the activity of the insects near the surface, 
and the chances of entrance into the plants of any bacteria present 
in the soil. This serves in part to explain why graft knots are so 
much worse in moist than in dry years. In view of this situation, 
which deserves further study, such land as pastiire that has been 
favorable to root-chewing insects seems relatively unsuited for apple 
grafts. 

The following practices promise to contribute to the reduction of 
graft knots at the unions of apple trees grown from piece-root grafts: 

(1) Use of apple seed from relatively resistant trees as soon as it is available. 

(2) Treatment with an antiseptic of seedling roots suspected of carrying 
knot-producing bacteria. 

(3) Use of clean dry roots when grafting. 

(4) Use of a suitable wrapper, such as the adhesive tape described. 

(5) Planting in soil which has been so handled that it is relatively free from 
root-chewing insects such as white grubs, wireworms, and fungus gnats, 

SUMMARY 

Graft knots of the types discussed in this paper cause severe losses 
in apple nursery stock propagated by piece-root grafting. 

Nursery trees having infectious hairy root made, on an average, 
slightly less growth than smooth trees. Trees remained alive ami 
pew slightly when all the roots but those in the hairy-root overgrowth 
had been removed. 

The problem of controlling the overgrowths is complex, because 
there are several different kinds of enlargements, arising from different 
causes. The different kinds of ov^srgrowths occur in various sorts 
and degrees of mixture. 

The various overgrowths appear well distributed in the nursery. 
In the case of infectious hairy root, a certain amount of spread m 
the nursery row from hairy-root trees has been indicated. 

A large percentage of the overgrowths occur at the unions. This 
percentage has been reduced on an average in the last 5 years, doubt¬ 
less owing to improved nursery practice. 

Examinations of a number of plantings have shown correlations 
between the length of time the trees stayed in the nursery row' and tlie 
percentage of overgrowths. Although in some cases the initiation 
of most of the overpowths could be traced to grafting time, in many 
others it was traced to the second or later seasons. 

In some instances the surfaces of seedlings were found to carry 
hairy-root bacteria wluch were sources of inoculum at grafting time. 
.In other instances this factor seemed of relatively little importance. 
The growing of seedling apple trees from the seed of relatively resist- 
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ant apple varieties gives promise of being a factor of s^)me importance 
in the control of graft knots. 

Antiseptic treatments of s<iedlings carrying bacteria that cause 
overgrowths seem to promise some measure of control. 

Well-matched tongue •grafts *prodiiced as many smooth unions as 
wedge grafts. Tongue grafts appeared to have certain minor advan¬ 
tages over wedge grafts. 

x\dhesive-tape wrapping appeared to be better than any other 
wrapping employed and to he the most important single factor among 
control measures. However, tape wrappei‘s did not prevent infection 
at the time the grafts were made. 

C\)ntrol measures are discussed in relation to one another and to 
common nursery practice. 
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TECHNIC FOR OBTAINING SPERMATOZOA. FOR PHYSIO¬ 
LOGICAL DAIRY STUDIES AND ARTIFICIAL INSEMI¬ 
NATION ' 

By Fhei) W. Miller, senior velenuunannnd phijsioloqtst, nnd Eveuette I. Evan-^, 
associate phi/siologist atahhisiolog^si, Division of Datrif ('atile Breeding, Fcidina, 
and Management, Ban an of Dairy Industry, I'/utid States Department ff 
Agriculture 

INTRODUCTION 

• 

Semen may be collected from the vagina of the recently bred cow 
with the hand, by aspiration, or with a sponge. Semen from the 
vagina is satisfactory for determining wdiether the bull has ejaculated 
normal active spermatozoa during the mating, but it is unsatisfactory 
for use in physiological studies of spermatozoa because it is mixed 
with the secretions of the (*ow. Furthermore, collecting semen from 
the vagina for artificial breeding is wasteful. 

A method of obtaining semen from the bull by massage of the acces¬ 
sory genital organs luis been developed in the Bureau of Dairy Indus¬ 
try's physiologicail laboratory at Beltsville, Md. 11 has not been det er- 
mined, however, what effect the continuous practic.e of obtaining 
semen in this way would have on the health and usefulness of the bull. 

REVIEW OF THE LITERATURE 

Komarov and Nagaev^ designed a special rubber bag which they 
[)laced in the vagina of the cow. By careful technic in conducting the 
mating they were successful in obtaining a superior quality of semen 
as compared to that collected directly from the vagina with a sponge. 
Later, according to a report by \Valton,^ these workers used an 
artificial vagina and a dummy" animal, which they claimed worked 
satisfactorily. 

Case ^ in 1925 reported that ^Sve procure the semen either by press¬ 
ing on the seminal vesicles through the rectum, or from the vagina 
of the recently bred cow." In a letter to the authors in November 
1932 Case described his method of massaging the seminal vesicles to 
obtain semen and also stated that he had used the method successfully 
10 years ago in collecting semen for artificial impregnation. 

ANATOMY OF THE BULL'S ACCESSORY GENITAL ORGANS 

• 

At Beltsville it was found that the seminal vesicles of the bull do 
not contain spermatozoa, but that the spermatozoa are in the am¬ 
pullae of the ductus deferens. 

The seminal vesicles and ampullae are easily identified and are so 
located that it is possible to manipulate the one without disturbiiiff 
the other. It is more difficult to locate and manipulate the prostate 
of the bull because it consists of two parts and is protected by lienvy 
muscle. The body of the prostate consists of a band which stretclies 
across the neck of the urinary bladder and the origin of the urethra. 

» Received for publication Mar 16, 1634; issued July 1934. 

* Komarov, N. I., and Nauakv, V. D. (a new method of obtaininc. sperm with the sperm col* 
LECTOR.] Problemy Zhivotnovodstva no 1, pp. Ulus 1932 lln RusMon.] 

3 Walton, A. the technique or artificial in.semination Imp. Bur Anini. Genetics, Edinburch, 
S6pn..illus. 1933. * 

* Case, C.TH handling cases of sterility in pRAcncE, rorneli Vet 15 (i). 37-46 19:5. 


Vol. 4V, nu IC, 
May 15, 1934 
Key nt» T-IJ 


Journal of Agricultural Research, 
Washington, l)!C. 



942 


Journal oj Agricultural Research 


Vol 48, nc. 10 



FiutTBE 1,—Pelvic urethra and urinary bladder slit ventrally and laid open* a, Openings of ductus deferens; 
, 6, openings of seminal vesicles; c, uretral oridoes. 
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It is about an inch and a half transversely and about lialf an inch In 
width and thickness. The pars disscininata surrounds the pelvic part 
of the urethra and is concealed by the urethral muscle (figs. 2 and 3). 

As shown in figure 1 the ducts from the seminal vesicles and ductus 
deferens do not enter tlfe uretfira in a common opening; the ampullae 
of the ductus deferens have large lumen and the seminal vesicles have 
small tubules. The relation of these organs to each other is shown 
in figure 2. * 

METHOD AND RESULTS OF ITS USE 

With a hand in the bull’s rectum, from 7 to 10 inches, the seminal 
vesicles were massaged with backward strokes, and a turbid fluid 
flowed from the prepuce. It contained only epithelial cells in the 
majority of cases. In like manner the ampullae of the ductus 
<leferens were massaged and a turbid fluid flowed out which contained 
only spermatozoa in the majority of cases. In some instances the 
ampullae were massaged first, but better results were obtained when 
the seminal vesicles were massaged first, because, while the amj)ullae 
were being massaged, the seminal vesicles released some of their 
fluid and both si)ermatozoa and epithelial cells were obtained. When 
the seminal vesicles were massaged fii'st the epithelial cells came out, 
leaving only spermatozoa in the fluid obtained from the ampullae. 
Usually about 2 minutes of massaging gave excellent results. 

In figure 3 t he genital organs are shown replaced in the right half of 
a bull carcass. The weight of the urinary bladder has pulled the geni¬ 
tal organs forward about an inch from the normal position in the live 
bull. The hand is shown massaging the seminal vesicles in figure 3, 
Aj and the ampullae in figure 3, B, 

Figure 4 shows the method of collecting the fluids as they flow out 
and figure the comparative density of the fluids from the seminal 
vesicles and from the anijiullae. Microscopical views of cells found 
in the two fluids are shown in figure fi. 

Eighteen bulls ranging from to 12 years in age were used in the 
first 100 trials to obtain semen by massage. Epithelial cells or debris 
were found in 100 samples of fluid from the seminal vesicles; and in 0 
of these spermatozoa were found, always from bulls that had not been 
used for long periods. In these six cases it is probable that the am¬ 
pullae were disturbed while the seminal*vesicles were being massaged. 

Of tlio 100 trials in massaging the ampullae 81 were successful a nd sper- 
ma tozoa were obtained from 15 bulls. Thirty-one trials were made on one 
bull and each time enonnous quantities of spermatozoa were obtained. 
No spermatozoa were obtained from the ampullae of three bulls. Two 
of these were tried only once and the other one twice. They were dis¬ 
posed of before further trials were made. Failure to obtain spermatozoa , 
was experienced in 19 trials. It was assumed that the ampullae had 
been emptied just previous to the time of massaging. This was indica ted 
by the volume and tone of the ampullae, the small flaccid tube yielding 
no spennatozoa and the large firm tube yielding many spermatozoa. 

The quantity of fluid collected from the seminal vesicles at one time 
varied from 0.5 to 21 cc and that from tlie ampullae varied from 0.5 to 
23'pc. 

CONCLUSIONS 

Massaging the accessory genital organs of the bull is a practical 
way of obtaining semen for physiological studies.. For artificial breed- 
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FiiaiBE 3.-IJbsition of the genita organs of the bulJ and method of manipulating them: A, Massaging 
% the seminal vesicles; massaging the ampullae of the ductus deferens. The organs are: a, Seminal 
1 b, amgullae; c, body of prostate; d, pelvic urethra; r, bulbo-urethral rCowper's) glands; r, urinarv 
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FrouRE 4.' Method of collecting semen with funnel end test tube. 



Figure 6.—Material collected from (A) seminal vesicles and (if) ampullae,^ 
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« 

ing purposes it is desirable to massage the ampullae, for from this 
organ will be obtained the greatest volume of semen containing active 
spermatozoa. The method is also useful with valuable breeding bulls 



Fi(4ure 6 -’-A, Epithelial cells from seraiual vesicles; /?, spermatozoa from ami)ullae. X 450. 


that are unable to serve cows in the normal manner because of injury. 
Other advantages of collecting semen directly from the bull for use in 
artificial breeding are that it prevents waste of semen and produces 
semen free from extraneous matter. 



APHELENCHOIDES XYLOPHILUS, N. SP./A NEMATODE 
ASSOCIATED WITH BLUE-STAIN AND OTHER FUNGI 
IN TIMBER > 

By G. Htkiner, senior ncmatologlst^ in charge, and Edna M. Buhrek, junior 
nematologisi, Division of Neniatology, Bureau of Plant Industru, United States 
Deparhneni of Agriculture 

INTRODUCTION 

■» 

A new case of iiiuisual ecological conditions to wlu<‘h nematodes 
have adapted themselves has been found in a nematode species 
apparently specialized to live in timber affected by blue-stain and other 
wood fungi. This new species is described herein. 

ECOLOGICAL RELATIONS 

The first observation of Aphelencholdes xylopliilns, n.sp., the timber 
nema, dates back to 1929, when a small piece of wood that had been 
(*ut, in the process of roofing, from the top of a green pole of longleaf 
Louisiana pine palmirh Mill.) was received from Orange, 

Tex." This piece of wood had streaks of a bluish color caused by 
blue-stain fungi. The nemas were found in these streaks and in border¬ 
ing portions. Larval specimens, males and females, were observed. 
Although they were not numerous, a dozen or more specimens could 
be found in a small portion of wood when soaked and dissected, 
properly. Soaking the wood in water activated the nematodes, 
whereas drying the wood induced dormancy. Some tests sliowed re¬ 
vival of the nematodes after a dormancy of 1 year but not after 2 years. 

Later, through the courtesy of Ross W. Davidson, of the Division 
of Forest J^athology, Bureau of Plant Industry, there were received 
four different plate cultures of wood fungi in which nematodes had 
developed. All of these nematodes proved to be Aphelencholdes 
Xf/lophllvs. Three of the cultures were from a sawmill in Bogalusa, 
La., and were also obtained from blue-stained logs of Pitius palusfris. 
These logs luul previously been attacked by beetles of the genus Ip.Sy 
which, according to Davidson, usually cany the blue-stain fungus 
Ceratostomella ipfi Rumbold, but which in these three cases contained 
a brown fungus belonging probably to the genus Tnehof^porinm, of 
tlie Fungi Irnperfecti.” 

The fourth culture on wliich the same species of nematode developed 
was obtained from a pine tree {Pinuf^ echhmta Mill.) that had been 
recently killed by an attack of the beetle, Dendroctonua irontalia 
Zimin., near Fairfax, Va. In this case the nematodes originated in 
the interior of unstained wood, one-sixteenth to one-fourth of an inch 
below the insect galleries. The fungus here associated with this* 
nematode is said by Davidson to be entirely hyaline and also to belong ' 

I Received for publication Apr. 4,1934; issued July 1934. 

s Received through the courtesy of T. E. Snyder, of the Bureau of Entomology, V.S. Department of 
Agriculture, who received the wood from C. H. Lyon, chemist of the Texas Creosoting Co Mr. Lyon 
wrote; “All such poles came from an area including we.stern Louisiana and southeastern Texas. The 
climate is hot and, at the time of finding that specimen, was very humid. The average annual humidity 
is given by the Government \>bserver of this region as of 83 3 percent. The specimen had not i>een treated 
nor come iq contact with creo.sote. It has been at all times exposed to weather.“ 
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IGURE l.—Aphelenchoides zylophilus, Ui.8p. ,4.— Head of female: cut th, Cuticular thieveeninjf in cephalic 
portion of alimentary tra(?t; gd ry, guiding rings of stylet; *fy, stylet- X 2,80p. H.—Front view of head. 
amph, Amphid. X 1,370. C.— Extruded spieula showing circular expansion. X 1,370. I>. -Tail of 
male: mtapph, Ventral apophysis; «p, spicula; cop ppl, copulatory papillae (three pairs); gub*, guliernac- 
nlnm. x 1,060. j&.—Anterior end of larva. X 1,(160. F and Tails of larvae, showing variation In 
shape. X 1,060. li —Tail of female: r^, Hectum. X 1,0^ ► 
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to the ^'Fillip Imperfecti/’ However, according to the same Huthor- 
ity, this particular ^^isolatioir^ was taken only a'short distance *(1 
inch or less) from wood which was blue-stained by Ceratostomelki pin! 
Miinch, a fungus associated Vith T), jrontahiH. It is thought that the 
nematode might also have been present in this blue-stained wood. 

This constant association suggests that the nematode described 
herein uses the insects as carriers and probabl.y feeds on the various 
fungi involved in the same association. Similar carrier relationships 
between nematodes and insects are known, especially in connection 
with bark beetles, dung beetles,flics frequenting fermenting substances, 
etc. In this respect the observations made lierein offer nothing new, 
but the ajiparent specialization of this nematode to a life in wood and 
its association with fungi of the blue-stain type merit special attention. 

TECHNICAL DESCRIPTION 
Aphelenchoides xylophilus, n.sp 

Like the other incmhers of the genuK, Aphelenchoidrs xjflophilus is of slender 
shape arui has tlic following dimensions: 
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The euliele is very finely annulated (8 annules to iSfj. in the head region); the 
head well set off; the tail of the larva and female more or less obtuse and slightly 
longiT than the rectum (fig 1, F, 6 \ H), that of the male conically pointed, 
ventrally curved, and slightly longer than the spiculum (fig. J, D). A front view 
of the head shows a six-radiate cuticular structure. The lobes between the radii 
carry the sense organs in the order typical for the genus, i.e., on the lateral lobe 
the amphids, on each submedial lobe one papilla (fig. 1, B). The stylet is \erv 
fine and about one and one-half times as long as tlie head is wide; its knobs are 
minute; two fine guiding rings are present and the wall of the cephalic portion of 
the alimentary tract is reinforced by^ short cuticular thickenings (fig. 1, -D. It 
seems that the esophageal glands open in the middle bulb of the esophagus in the 
manner tyj)ical of tlie genus; the bodies of the glands, however, have a dorsal 
situation outside the alimentary tract at the beginning of the intestine; they 
extend to about 85m behind the esophageal bulb and have a strictly serial arrange¬ 
ment. The length of the rectum is about twice the anal body diameter. An 
obscure excretory ])ore opens ventrad of the lierve ring (fig. 1, /?). The vulva is 
a nairow transverse slit but stands out raUier well because the body narrows 
suddenly behind it Tlie testis is outstretched forw’ard to the right of the in- 
t(i8tine, and ends about 300m behind the esophageal bulb. The spicula resembk* 
those of other members of the genus but have in addition an extremely well- 
developed ventral apophysis at the proximal end. In some specimens this 
apophysis seemed to connect with the ventral body wall (fig. 1, D), but in others 
no such connection was seen. Figure 1, C, shows the distal end of the sjiiculurn 
as forming a circular expansion. A small gubernaculum is present. The copula- 
tory musculature is shown in figure 1, D, There are two pairs of large, somewhat^ 
mammillate ventrosubmedial copulatory papillae (fig. 1, D), one pair at about* 
the middle of the tail and the other just in front of the anus. A third pair seems 
to have a dorsolaterad position also in the middle of the tail. 

DiAONOBis. —Aphelenchoides with an obtusely rounded conical tail in the larva 
and in the female, but pointed in the male, with a fine, barely knobbed buccal 
stylet. The spiculum of the male proximally with long ventral ap(»phy8i6; a 
short, lineate gubernaculum present; male tail with large mammillate copulatory 
papilla^; a pair ventrosubmedial in front of anus, a second pair ventrosubmedial 
iu*the middle of the tail, and a third dorsolaterad also in the middle of the tajl. 
A%iociateti with blue-stain and similar w^ood fungi. 

Type host. — Pinus palustris. 
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RELATION OF BARBERRY TO THE ORIGIN AND PER¬ 
SISTENCE OF PHYSIOLOGIC FORMS OF PUCCINI A 
GRAMINIS' 

By K. C. Stakm.\n, head of the Section of Plant Pathology, Minnesota Agricultural 
Experiment Statiorif aiul agents Dimsion of Barbernj Eradication; M.*N. Levine, 
pathologisty Division of Cereal Crops and Diseases; Ralph U. Cotter, associate 
pathologist^ and J^ee ILnes, agent, Division of Barberry Eradication^ Bureau of 
Plant Industryf I United States Department of Agriculture 

INTRODUCTION 

It is now well- known 5, 6*, *9, 13)'^ that new physiolopc forms of 
FiJbcclma grant}nls Pers. may arise as the result of hybridization be¬ 
tween existing forms or varieties on barberry. The evidence at pres¬ 
ent available indicates that liybridization probably accounts princi¬ 
pally for the origin of forms, although Stakrnan, Levine, and Cotter 
(0) have shown that mutation in parasitism may also occur, though 
probably rareI 3 ^ There is little information, however, regarding the 
origin of new forms through h^dmdization on barberries in nature. 
For this reason the writers made studies during the past several years 
to ascertain whether new phj^siologic forms could be obtained from 
aecial material and from uredial material near barberries, l^relirni- 
nary statements of tlie results Imve been published (7, 12), These 
and other data, have been combined with the results of earlier surveys 
and are presimted in the following pages. Data are given also on 
the results of ‘^selfing” pvenia resulting from inoculations with telial 
collections of unknown identity. 

The writers were particularly interested in the varieties of Pucciriia 
grarnituN that attack the common small grains; hence inoculations 
were made on bai*ley {Ilordewm rulgare 1j.) and oats (Avena sativa L.), 
or on wheat {Triticum vulgare Vill.),'^ oats, and rye {Secale cereale L.), 
to obtain preliminary indications of the identity of the variety of rust 
in (juestion. Barley is susceptible to both the tritici and the secalis 
varieties; hence, it sometimes was used in the preliminary inoculations 
to “sciYcn out^' the poae and agrostidis varieties, neither of which 
develops well on it. Tlie determination of physiologic forms within 
rust varieties was made by revised keys originally developed by Stak- 
man and Levine (8) for physiologic forms of P. gramlnis tritici Eriks, 
and Henn.; by Bailey (f) for physiologic forms of P, gramiriis avenae 
Eriks, and Henn., and by Cotter and Levine (3) for physiologic forms 
of P, grarninis secalis Eriks, and Ilenn. 

1 Received for publication Feb. 2, 1934, issued July, 1934 (\K)perative invest igation of the Divisions 
of Barbt*rry Eradiiiation an^ Cereal Crops and Diseases, Bureau of Plant Industry, U S. Department 
of Agriculture, and the Minnesota Agricultural Kxiieriment Station. Since this paper was written, the 
Division of Barberry Eradication has been combined with the Divisions of Blister Rust Control, C^itrus 
('anker Eradication, and Phony Peach Eradication in a single division designated the Division of Plant 
Disease Eradication. The new division has been made a part of the Bureau of Entomology and Plant 
Quarantine. Published as paper no. 1105 of the Journal .senes of the Minnesota Agricultural Experiment 
Station. 

^ Reference is made by number (italic) to Literature Cited, p. 968. 

!' Acooidiiig to the rules of tmtanical noipenclature the name of this species is Triticam aestivum, but as 
T vulgare is jn general use among agronomists and cereal pathologists and geneticists, the writers give pref¬ 
erence to that form 
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The relatively low percentage of infection resulting from inoculating 
with aeciospores may be due to several causes. Fuccinia graminis 
poae Eriks, and Henn. and P. graminis agrofftidis Eriks, and Henn.^ 
are very prevalent on barberries in certain regions, and many of the 
collections probably were of these varieties. Then, too, most of the 
material was sent through the mails and much of it was not in good 
condition when received. Further, the germination of aeciospores is 
somewhat more uncertain and considerably more capricious than that 
of urediospores; and aeciospores do not usually retain their viability 
more than 3 weeks, even when kept cool and fairly dry. 

VARIETIES ISOLATED 

VARIETIES FROM AECIAL COLLECTIONS 

Of G75 aecial collections of Puccivia graminis tested during the past 
13 years, only 281 caused infection on wheat, oats, rye, or barley (table 
1). It seems likely, therefore, that many of the collections vrere of the 
poae or the agrostidis variety. Of the 281 collections that caused 
infection on the comnion small grains, 90, or 34.2 percent, were of the 
tritici variety; 179, or 03.7 percent, were of the seratis variety; and only 
0, or 2.1 percent, were of the avenae variety. 


Taui^e 1. Isolation of I’uccinin graminis vnrietirs from t listed barberries in, Ihr 
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It seems quite likely that the high percentage of collections of Piu- 
cinia (jrandnis secaHs is due to the fact p) that quackgrass (Agropyron 
repernt (L.) Beauv.) is susceptible to this variety, (2) that this grass is 
veiy prevalent in the Northern States, where barberries become rusted, 
and (8) that many of the remaining barberry bushes are along fence 
rows, in pastures, on the edges of wood lots, along streams, and in 
other uncultivated'places, where quackgrass is hkely to be abundant. 
Furthermore, IIordeMm jubatum L. and other species of Hordeum are 
very susceptible to P. graminis secalis, as are also various species of 
Elymus. There is therefore opportunity for P, graminis secalis to 
develop abundantly. P. graminis tritici attacks.not only wheat but 
also the same grasses that P. graminis secalis attacks, with the excep¬ 
tion of Agropyron repens. As just explained, however, the great 

< The varietal name ae written by Eriksson and Henning is agrottis. In order to conform with the other 
varietal names, however, the writers prefer to use the genitive form, agroatiditt, as originally used by 
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abundance and the advantageous liabitat of the last-named grass give 
P. graminis secalis the advantage, despite the fact tliat the acreage of 
wlieat attacked by P. graminis^ritici is far greater than the acreage of 
rye attacked by P. graminis secalis. The relative paucity of collec¬ 
tions of P. graminis aver^ae probably is due to the fact tliat Dactylis 
glomerata L., Festuca spp., Alopecurus spp., Glyceriay and the other 
grasses susceptible to this variety usually are not particularly 
abundant near barberry bushes {11). 

VARIETIES FROM UREDIAL MATERIAL NEAR INFECTED BARBERRIES 

In addition to determining the relative prevalen(‘e of the varieties 
of Puccinia graminis occurring in the aecial stage on barberry bushes in 
nature, the writers made a similar s( udy of uredial material on grains 
and grasses in the immediate vicinity (within 100 yards) of infected 
bushes. This study includes only such rust as almost certainly 
resulted from infected bushes. The results are summarized in table 2. 


1'a.blk 2. - - Isolations of Puccinia graminis varieties from uredial collections obtained 
in close proximity to infected batberrieSy 1019- S'Ji 
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A total of 138 collections of Puccinia graminis were identified. Of 
these, 72, or 52.2 percent, were of the trliici variety; 45, or 32.6 per¬ 
cent, of the secalis variety; and 21, or 15.2 percent, of the arenae 
variety. The fact that the percentage of collections of the trifici va¬ 
riety was higher than that of the secalis variety, whereas the opposite 
was true of the aecial collections, is probably due largely to conscious 
selection. The writers were most interested in determining physiologic* 
forms of the tritici variety and therefore made special effort to collect 
grasses and grains likely to be infected with it. lienee the perc'.entages 
do not necessarily give as accurate an indication of the relative preva¬ 
lence of the varieties in nature as those for the aecial collections. 

It is clear that a high percentage of Puccinia graminis on barberries 
in the Northern States is of the secalis variety. This variety of rust 
probably,is more closely dependent on barberry for persistence from 
season to season than are the tritki and avenae varieties. This is 
parley because very little rye is grown in the South, where the uredial 
stage of Puccinm graminis can survive the winter. It is evident that 
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. there is appreeiftble (levolopiiiont of stem rust of rye only in those regions 
where there are barberries. Stem rust of rye can be prevented, for 
practical purposes, by eradicating bc.rberries. While it is perfectly 
clear thaX barberry eradication reduces the severity of rust attacks on 
wheat and oats also, investigations by the writers liave shown tliat tlie 
uredial stage of th(‘se rusts often survives the winter in the far vSouth 
and, under favorable conditions, urediospores may be blown north¬ 
ward, to cause infection on wheat and oats in the Northern States. 

PHYSIOLOGIC FORMS ISOLATED 

Attempt, was made to identity the physiologic forms, both in aecial 
and uredial collections. In addition, barberries were inoculated in 
the greenhouse with colha^tions of teliospores and the pycnia were 
^'selfed”, as described later. The primary object w^as to find out to 
what extent new physiologic forms were arising through hybridization 
in nature. It was desired also to ascertain to what extent barl>erries 
make [lossible the persistence of existing forms. Theoretically bar¬ 
berries should be of great importance in these respe(*ts, and, ])rac.tically, 
the results show that they are. 

PITCCINIA GRAMINIS TUlTIC’l 
PinsioLoijK’ Forms khom Akcial Collec’tions 

The identity of the physiologic forms represented in the 94 isola¬ 
tions of Pucci nia gram inis trifici was determined, 2() forms being 



identified. wSome of them were of frequent occurrence and wide dis¬ 
tribution, others rare and limited; some were quite virulent, others 
fairly innocuous (table 8 and fig. 1; see also table 5). 

11 is worthy of note that so limited a number of isolations slundd have 
yielded so many different pliysiologic forms. This becomes*especially 
striking when the number of physiologic forms isolated fronl^ field 
collections of infected grain plants is considered. In tW latter'case, 
physiologic forms have been identified from more than 8,000 
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(Miltures made in tlio (‘oursoof physiologic-form surveys; that is, on an, 
average, not more tlnin one forin from each 100 iiredial collections; 
whereas from aecial collecti()ns#a dilferent form was proemred, on an 
average, from every fourtli culture, altiumgli this ratio probably 
would not have persisted, had more aecial collections l)een idenlified. 


'r\iujo a Phifsiftlogic f(K nt.s of /^urcima gntntinis fniici is(>lalr(l from aecial col- 
IccfioriH, hjf Stales, HUO 
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Form 3() 

was most <’()ntmon and 

most 

• 

widely distributed. It- was 


isolated ^4 times in a total of 04 identifictitions, and it was found in 11 
of 15 States in which collections were made. Next in order of occur¬ 


rence and distribution was form 3^, with a total of 11 isolations from 
7 States. This was followed by a considerable drop in both o(*currence 
and distribution was form 38, with a total of 11 isolations from 7 
States. This was followed by a considerable droj) in both occurrence 
and distribution, with b isolations each of forirs 1 and 49 from o and 
4 States, respectively. Fonus 3, 18, 24, 52, ()2, ()(>, 102, 104, and 125 
were isolated only once each from the ae<*ial material collected. 

Forms 62, 102, 104, and 105 never have been isolated from any 
source other than rusted barberry. The original collections of forms 
61 and 66 wTre made from naturally infected barberries, although 
subsequently they were obtained also from rusted grain in the held. 

These‘facts indicate strongly that in addition to si)reading much 
inoc-^dum early in the season barberry bushes are extrenudy in’])ortant . 
in al least'two respects: (1) They enable nmny physiologic forms-to 
persist from season to season and* (2) they make possible the origin of 
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new forms thrmigh hybridization. In 1919 it was pointed out by 
Stakinan, jjevine, and Leaeli {10) that the number of physiologic 
forms of Puccinia gr(i/nrnis seemed t(t be greater in those regions of 
the United States where there were many barberry bushes than in 
those where there were few. The results presented in this paper 
support this opinion and indicate clearly that barberry bushes should 
be eradicated in order to reduce the number of physiologic forms as 
well as to reduce the amount of inoculum, especially that of the early 
spring. 

Of the forms isolated only from barberries and therefore probably 
produced on them during recent years, form 62 is the most virulent. 
It may cause heavy infection on all the differential hosts except Vernal 
and Khapli emmers. It is one of the most virulent of all forms, 
differing from form 15 only in its inability to infect Vernal normally 



and in its tendemiy to produce type x infection on Marquis, Reliance, 
and Kota wheats; on these wheats form 15 produces type 4 infection 
(table 5). Under favorable conditions type x may develop sufficiently 
to cause heavy rust attack; hence form 62 must be considered poten¬ 
tially dangerous. The other forms isolated only from barberries are 
not particularly virulent, although it is worthy of note that on Vernal 
emmer both form 104 and 105 produce type x infection, which is a 
heavier infection than that caused by most other forms. 

Physiologic Forms from Uredial Material near Infected Barberries 

The 71 collections of Puccinia graminis tritici, mside on grains and 
grasses near infected barberries and comijletely identified, comprised 
19 physiologic forms, a different form for approximately ev*ery four 
collections (table 4, fig. 2). These results support those obtained 
fropi inoculations with aeciospores. Here again it is clear that bar¬ 
berries arc responsible for the persistence of many physiologic forms. 
Wlien inoculations were made with urediospores collected at random, 
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in regions where barberries riisjt and in tliose where* tliey do not, a 
difrerent form appeared in 1 eolleetion in 100, on an average. But 
when inoeulations were made vWth iirediospores eolleeted near rusted 
barberries, a- different form was o])l-ained in 1 culture of (^very 4. 


Table 4—Physiologic forms of Puccini a gratmriis fritici isolated from uredial coU 
lections obtained near infected barberries, by Stales, 1919-32 



Forms 30 and 38 were the jiiost prevalent, constituting 22.54 ])er- 
cent and 19.72 percent, respectively, of the total colle(‘tions identified. 
Form 38 has been very prevalent in the soft red winter wheat area 
of the United States, where there still are many barberries; it is also 
very abundant in northern Alexico. Forms 21 and 49 were next in 
order of *prevaleii(‘e. By consulting table 5 it will be seen that these 
four forms could cause heavy rust on tlie principal types of wdieat 
commonly grown in the wheat-growing regions of the northern half 
of the United States. Manpiis and similar varieties are susceptible 
to three of these forms; the duruins are resistant to forms 30 and 49, 
susceptible to form 21, and under favorable environmental condi¬ 
tions they are susceptible to form 38, which causes a type x-l infec¬ 
tion. Reliance is immune from forms 21 and 49 but is susceptilile to 
forms 30 and 38 (table 5). This variety reacts like Kanred, which 
often is immune in the field. It rusts heavily, how’evcr, when forms 
like 36 and 38 are present. Kota, w-hich reacts like the widely grown 
variety, Ceres, is at least moderately susceptible to all four forms but 
seldon^ becomes heavily rusted in the field because of morphologic 
resistance. 

Fcitm 48 has never been found in the United States except near 
rusted barberries, although it has been reported several times •froin 
Canada, where it was first collected in 1929, on wheat. It is, how¬ 
ever, of rare occurrence. 
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PUCCINIA GRAMll^lS SECALIS 

The physiolojfie htrius of 27 aocial o^olloctions of Pucclnia granilnis 
secalis were identified, 9 forms l)eiuj' found. It seems significant that 
so many hu'ins were isolated from so few collections. On an average, 
a different form was isolated from eveiy third collection. Forms 7 
and 11 were the most prevalent, constituting 2.').93 and 29.(13 per¬ 
cent, respectively, of the total (tables 0 and 8, and figs. 1 and 2). 

Table 5. —Types of infection on differential varieties of wheat caused by physio¬ 
logic form^ of Puccinia graminis tritici isolated from aecia and from uredio 
near infected barberries^ 19If) 
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«0 signifies immune, 1, very resistant; 2, rno<lertttely resistant, 8, moderately susoeptiiile, 4, very sus¬ 
ceptible; X, heterogeneous (uredia very variable, various types of infection appearing on the same leaf, not 
due to mechanical mixture. 

^ First isolated from barberries. 

0 Isolated only from barberries 
^ From selling only. 





Juno 1, m\ 


Relation of liarhemjio Forms of Fuccinia (jraminis 


901 


Tahle (). —Physiologic forms of Puitrinia graminis svcalis amhP. graminis nvcmiVy 
isolated from acetal collections^ by States^ 19JO SJ 
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Konii 5 is thoonly form that liad not l)een isolated pre\i(ui'-ly fniiii 
uredial material. As it. was snt)sequeritly obtained also from nredia 
near l)aii)ejTies, it prol)al)ly had been formed reeently. 

From 2S uredial collections of l^iiccinia graminis secalis near in¬ 
fected barberries, S physiolojric forms were isolated, a^ain a lar^e 
nnmber of forms in proportion to the number of collections. Forms 
7 and 11 were a^ain the most prevalent (table 7). 


PUrClNFA GRAMINIS AVENAE 

Only six accial collections of Fuccinia graminis arenae were identi- 
lied. Forms 2 and o occurred in the ratio of 2 to 1. Both are ex¬ 
tremely common and widely distributed in the United States; con¬ 
sequently no particular siprnilicance attaches to their occurrence on 
barberries, llow^ever, an entirely new’ form, desipiated form 10, 
was obtained from oats near rusted Ijarberries in Wisconsin. A sjiecial 
note on this form has l)een ])ublished by Cotter (2)\ hence details 
will not be repeated heie, beyond calling attention to the fact that 
it may reasonably be concluded to have resulted from hybridization 
on barberries in nature. It is important to note that form 10 is much 
more virulent on the Richland group of oat varieties than either form ' 
2 or form 5 (tal)le 8). 
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Table 7.- -Phyttiologic forms of Puccinia gran^inis secalis and P. graminis avenae 
isolated from yredial collections made near infected barberries^ by States, 1919 S2 

NUMBEU OF TIMES FOKM^ WAS FOUND 



P. gramtnis aecalts. 
P graminu avenae. 


2 

1 

1 

1 

3 

2 

1 

1 

*2 

' 

3 






- 1 



1 

1 



Table Hr— Types of mfeciion produced on differential varieties of rye and oats 
caused by physiologic forms of Puccinia graminis secalis and P. graminis avenae, 
respectively, isolated from aecia a^idfrom uredia near infecled barberries, 19:^()-SJ 
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PHYSIOLOGIC FORMS FROM AECIA RESULTING FROM SELFED 

PYCNIA 

To obtain still further information on the role of barberries in pro¬ 
ducing new physiologic forms and in perpetuating old ones, a number 
of “sellings” were made. The method was to inoculate barberries 
with collections of telial material, then transfer pycnial nectar from 
certain pycnia to others of the same collections, and inoculate differ¬ 
ential hosts with the progeny of spores resulting from inoculations 
with spores from single aecia. There is, of course, no way of knowihg 
oertainly whether forms isolated were already present in the telim 
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stage, wlietlier they resulted fi'om segregation, or w4ietLer new com- 
binations were inacle. The essential fact brought out by the results, 
however, is that in ])ro|)ortion to the number of cultures isolated a 
large number of fonns was always obtained. From some of the aeeia 
resulting from inoculation with teliospores, 2 forms, and in one case, 
4 forms, were obtained. The average ratio bet^\een the number of 
forms isolated and the number of telial collections used for inoculation 
was 3 to 2. The ratio was approximately the same with Pucc’rnUi 
graminis tritici and P, graminis sevalis, being l.()2 to 1 and 1.50 to J, 
respectively. As has ))een ])reviously pointed out, when determina¬ 
tions of physiologic forms of I\ graminis tritici were made from 
uredial material collected at random, one physiologic form was 
isolated from approximately every 100 collections. From aecial 
material resulting from inoculating barberries with teli()s[)ores in the 
greenhouse, however, the average number of fojins isolated from each 
collection was 0.30. This would seem to indicate, again, that the 



eradication of barberries will result in a diminution of the number of 
forms. 

From a total of 30 cultures of Puccinia graminis iriticij 17 different 
physiologic forms were isolated (table 10). Those obtained most 
commonly were forms 07 and 101, not forms 30 and 3S, which were 
most frequently isolated from aecial collections and from uredial 
collections made near bai’berries in nature. Nevertheless, form 30 
follows forms 07 and 101 in order of frecjuen(\y and is very similar to 
them in pathogenicity, but form 38 was not obtained at all. The 
complete list of forms isolated is given in table 10. (See also tig. 3.) 

Forms 67, 90, and 127, which were isolated in these experiments, 
have never been obtained from uredial material. Of these, forms 67 
and 96 had previously been produced as a result of artificial hybridiza¬ 
tion ifnd form 127 was first'isolated as a result of selfing but has been 
pro'duced subsequently by hybridization also. Form 101 had been 
idefitified from uredial material collected in Bulgaria but has not bfen‘ 
found in nature in North America. Its only recorded appearance on 
this continent is on barberries on which pycnia were selfed. 
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Forms 7, 9,11, and 12 of Pucciuia gramhun senilis also were isolated 
from aeria pr(!>duced on barberries in nature and from uredia obtained 
near barberry bushes. Of tliese, 7 andUl have been most prevalent 
t.hrouj^hoiit. Forms 4 and 14 were obtained onee each from the 
aerial material and from the products of<4elhng,, but form 14 lias never 
been obtained from uredial isolations. 

It seems probable from the results giv'^en above that still other new 
forms might be produced if there were opportunity for certain telial 
material to 'cause infection on barberries in nature. 


Table 9 .—Physiologic fortns of Pucania grarninis varieties isolated from accia 
prod need as a resalt of selfing pycrua on harhernes uiorulated inth collections of 
tellospores, di 


i)f solfin^rs" an<l niiinher of forms isolutod of I* ijrnnoins 



I'otuI 

Var. 

Irtlm 

Vai m'ahsi 


Selftngs 

Forms 

isolated 

Solfings 

Foi ms 
isolated 

Sellings 

Forms 

isolated 

1926 


4 

1 

4 



1927 

2 

5 

1 

•) 

1 

3 

1928 . . 

1 

1 

1 

1 



1929 


7 

2 

2 

3 

A 

1930 


3 

1 i 

1 

1 

2 

1931 . 



4 j 

T) 

2 

2 

1932 

14 

21 

11 

19 

1 

_ ^ 

Total. 

31 

' 4S 

21 

31 

9 

1 14 

! 1 

Kfttio of number of foims to 

- “ 


— 

- 



selfinps... *.j 

1. r»r> 1 

1 6 

i2 1 

1 66 I 

. 


Vnr. an itia 


.'olXi 


o This indicates the number of times barberries were inoculated with toliospore collections S(‘vcial 
pvenia were selfed in each case and laocuhitions made with aeciosiiores from the lesiilliriK accia I H‘<iio- 
.siiores were then lised for inoculating dilforeiitial varieties 


DISCUSSION AND CONCLUSIONS 

The results presented in the foregoing pages sliow clearly that bar¬ 
berries are important in two ways besides that of producing abundant 
inoculum early in the spring: (i) They enable new j)hysiologic forms 
to arise through hybridization, and (2) they apparently enable many 
forms to persist and multiply. 

The results of these field studies support the opinion, ])ased on 
previous greenhouse experiments, that new forms arise on barberries 
in nature. Four forms of Pucemia grarninis tritici have been isolated 
only from naturally infected barberries in the field, and two others 
were isolated from baiberries before they were found elsewhere. 
Form 5 of P, gramwis secalis has been isolated only from aecia on 
"barberries and from uredia in close proximity to infected barberries, 
while form 10 of P., grandnif^ avenm has been found only near 
infected barbeiTies. Tfie writers are convinced that these forms were 
of recent ori^n, indicating that new forms are still arising on suscej)- 
tible barberries. The significance of the results is increased by the 
fact that these forms had not been foupd previously in extensive 
physiologic-form surveys made each year since 1917. 

. There is strong circumstantial evidence that the numerous phyi^io- 
logic fbrms now in existence have arisen principally as a result*’of 
hybridization. Despite very extensive experiments with physiologic 
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\Bi>K 10. — I^hj/siolofiir for}ns of Wucctnia (^raminis rnnHir»'^ isolated jrorn'accia 
produced as a result of selfitm Imrherries inoculated leilh collections of 

teiiospores, bp States, lOJO .id f 


NTMHEU OK TIMES FOKM WAS KOTNI) 



NIMBEK OF FORMS 


r yraminut tnficK. -i .. 2 J.. j i ! . j ^ 1 ---! !’• ! * i 

P iirnjnanH smilift.. | 1 | II 3 ! .j 3 j i . * I - 

P grumiru.'i (U'cniK^ . . ... i .. J.. J ' J ill.. l -I I 

• _ _ _ _ _ _}_ J .J ' ! ' ! i i i - 

fonns «iii(‘o lOKi, (he writers have ol)serve(l only two definite eases of 
jnutatioii in parasitism, wliieh are heKeved to l)e the only ones on 
record for Puccinia (jraminis. Color mutations are not infretiuent, 
hut mutation in pathogenicity wseenis rare. On the other hand, there 
is abundant evidence that new forms arise frecpiently tlirougli hybrid¬ 
ization. It seems reasonable, therefore, to assume that most physio¬ 
logic forms have arisen in this \vay. 

The large number of forms in regions where barberries become.^ 
heavily rusted and the smaller number in regions where the aecial * 
stage is rare also support the hypotheses just stated. As already 
pointed out by Waterhoiise(/.‘?), the presence of a large number of 
forms in the Mississippi Valley of North America and of a small 
nun^ber in Australia seems significant. Furthermore, in the rather 
isolated ‘‘Inland Empire’^ of the Pacific Northwest of the United 
Spates, where barbeiTies rarely become rusted, there seem to be rela¬ 
tively fe\v forms of Puccinia gram,inis tritici, although wheat has Jong 
been grown extensively in the region and club wheats, which are siis- 
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cQpttble to nearly all forms known in North America, have been 
growni coiniVionly. V 

Itr is a striking: fact, also, that so la%e a number of forms can be 
isolated from aecia and from iiredia on grains and grasses in close 
proximity to barberry bushes. For example, a different form of 
Puccinia graminis tritici was isolated from approximately every third 
collection of aecial material, w'Jiereas a different form was isolated 
from only each 100 collections of uredial material collected at random 
(tables 11 and 12). 

Table 11 .—Summarxj of the identity and number of physiologic forms of Puccinia 
grarninis varieties isolated from aecial and telial collections, and uredial collections 
made near barberries, 1920-32 

! NiiinlH*r of tunes each form was found 


Eorin 


. 

4 . 

5 . . 

7 .. 

8 . 

» .. 

10 «. 

11. 

12. . 

14-.. . 

lA .. 

17-_-. 

18.- 

10 __ 

21. 

2»_ , 

24.-. 

29-. . .. 

32 . 

33 .-. 

34 ... 

30 .-. 

37- , ... - , - . 

38 - - .. 

39 .-.. 

48 __ 

49 . 

Ol .. - 

52 . 

5f) . 

01 . 

02- .. . 

00'«. 

07-^. 

90'<.- . , 

101.. . , 

102-... 

104-. -... 

106 ‘ .. 

125... 

127'* . 

Total . . ___ 

Numt)er of forms_ 


I 

I Aecml collections from 
I infected barberries 


I' redial collect ions near 
infected barbenies 


Telial collec- 
1 ions selfed on 
barberries 



® Found near infected barberries only. 
, ^ First isolated from barberries. 

* Isolated only from barberries. 

<* Frt>m selflng only. 



















































Juno I, 1931 


Relation df Barberry to Forms of Puccinia graminis • ^ 967 


Table 12. — Phyaiologic forms isol(*lvd as compared with coUeciions of Puccinia 

graminn varieties cultured 


i Pli>.siologic forms isolated from collections of desi|?natcd spore stages 


1 

Variety | 

1 

1 

Aeeial 

! i 

Predial | 

Teliiil i W«wlite(l aver- 

1 age« 


1 

Hallo 

Percent' 

Ratio '■ 

j 1 

I*eicent <• 

1 I 

Fiatio '■ 

j Percent '■j Katio 

! i 

Percent <• 

P grajuinut tntici. . .j 

1 A M2.1 

27 fit; 

3 74 1 

2« 70 ^ 

1 70 1 

! '1 

1 50 07 i 3 15 1 

.31,72 

P grnmtniii sfvalis. 

i 3 (K) 1 1 

33 33 

3 50 1 i 

28 57 

4.83 1 

1 20 08 ,3.05.1 

27 ;i8 

J* grnmnna avanai _ 

3 00 1 

33 .33 i 

3 33 1 

30 (Ml 

- 

1 -j 3 20 1 

31.25 

Weighted average for 


1 

1 

1 


1 ^ 
1 


SI lore stages--j 

_ _ 1 

3 4.1 1 

29 13 1 

j 3 f.3 1 1 

1 27 .52 

1 


1 38 98 1 3.28'1 

' _ i_. 

.30. .51 


« As a basis of comparison, the ratio for P grunurmt tntm was approximately 100 1 in the general physio- 
logic-form survey, when collections were made at random in the I nited Stales ami Mexico, that is, 
from approximately each 1(X) collections a ditTerent form was obtained 

^ katio of number of collections cultured to nurnlier of physiologic forms found 
f i’erceutuge- of physiologic forms in terms of the number of collections cultured 

EvidoritJy liarborries are responsible, therefore, not only for the 
production of new forms, but also to a considerable extent for their 
persistence; and in imndous publications abundant evidence has been 
pj’estMited showing that barberries also are responsible for the dissemi¬ 
nation of a tremendous amount of intxmlum early in the fjrowing 
season. 

SUMMARY 

The writeis liave investigated the role of barberries in the ju’odm*- 
tioii and perj)e(uation of physiologic forms of Puccinia graminis in 
nature. 

During the ])ast hi years inoculations were mad(^ on thc^ common 
small grains with material from 075 aecdal colle(‘tions of Puccinia 
gratnlnls obtained from the northern part of tin* I'liited States. Of 
these, 281 caused infection, M.2 p(*rcent being of the trlfici variety, 
()3.7 percent of the recalls variety, and only 2.1 pendent of the arenae 
variety. 

The relative ])revalerice of the different varieties oi P, graminis 
probably is governed to a considerable extent by the distribution of 
wild grasses susf’eptible to the diflerent .varieties. 

The varietal identity of 138 iirodial collections of P, graminis ob¬ 
tained within 100 yards of rusted barberries also was determined, 
with the following ])er(*entages: triticif 52.2 percent; secalisy 32.6 per¬ 
cent; and arenaCy 15.2 percent. These jjercentages ])robably were 
affected by a certain amount of conscious selection of hosts known 
to be susceptible to certain rust varieties. 

The results given above, supplemented by other observations, indi¬ 
cate that stem rust of rye (P, graminis secalis) is almost wholly de¬ 
pendent on barberries for its persistence in the United States. 

From 94 aecial collections of P, graminis fritici, 26 physiologic 
forms were isolated, a different form from approximately every 4 col¬ 
lections, whereas from about 8,000 uredial collections made at ran¬ 
dom ovftr a period of years a different form was isolated from about 
every 100 collections. 
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Of the physioJopjio forms isolated from P, graminis triticiy forms 
36 and 38 were the most prevalent. ! 

Four forms (62, 102, 104, and 105)Wver have been isolated from 
any source other than rusted barberries. Forjiis 61 and 66 were iso¬ 
lated first from rusted barberries but sul)se(iuently were isolated 
from rusted wheat also. 

From 71 uredial collections of P. graminis tritici made near rusted 
barberries, 19 physiologic forms were obtained, one of which (form 48) 
never has been found elsewliere in the United States, although reported 
several times from Canada. 

The results indicate that barberries in nature are responsible for 
the production of new physiologic forms of P. graminis tritici as well 
as for the persistence of numerous forms. 

Twenty-seven aecial collections of P. graminis secalis comprised 
9 physiologic forms, and 28 uredial collections (jbtained near rusted 
bushes (‘omprised 8 forms, a far larger number in proportion to the 
number of collections than in the case of uredial collections made at 
random. Forms 7 and 11 were the most prevalent; form 5 has been 
obtained only from aecia or uredia formed near infected barberries, 
and form 14 was isolated only from aecial collections or w'as the ])rod- 
uct of ^^selfing’^ on barberry. 

Only six aecial collections of P. graminis arevae were identified, 
forms 2 and 5, which are widely distributed in the Ignited States, 
being isolated. A new form (10), however, was isolated from oats 
near rusted barberries. It is far more virulent on the Ricidand group 
of oat varieties than either of the other two fonns mentioned. 

Wlien barberries were inoc\jlated with telial material in the gre(m- 
house, the ratio between the number of forms isolated and the number 
of telial collections used for inoculating was 2 to 5. For example, 17 
forms were isolated from 30 cultures of P. graminis tritici and 6 forms 
from 29 cultures of P, graininis secalis. 

Forms 67, 96, and 127 of P. graminis tritici^ isolated as a result of 
inoculating barberries with teliospores, never have been obtained 
from uredial material in the field, and another form (101) has never 
been found in the United States except on artificially inoculated bar¬ 
berries, although it was isolated from uredial material collected in 
Bulgaria. 

Two ])hysiologic forms (4 and 14) of P. graminis secalis were iso¬ 
lated frojri artificially inoculated barberries and from naturally 
infected bushes in the field, but form 14 has never been isolated from 
uredial material. 

It is concluded that in nature barberries are important in the pio- 
diiction and persistence of physiologic forms and in the persistence of 
certain varieties of rust, especially P. graminis secalis and probably 
P. graminis agrostidis and P. graminis poae also. 

LITERATURE CITED 

(1) Bailey, D. L. 

1925. PHYSIOLOGIC SPECIALIZATION IN PUCCINIA GHAMINIS A VENAE 
EBiKSS. AND HENN. Miiiii. Agr. Expt. Sta. Tech. Bull. 35, 
33 pp., illufi. 

(2) Cotter, R. U. 

. 1932. A NEW FORM OF OAT STEM RUST PROM A BARBERRY AREA. Phvto- 

, * pathology 22: 788-789. 



juiK* 1 , Km Relation oj Barberry to Formf^ of Rnccinm graminis • 969 


(8) C'oTTKK, R. IK, and T^evine, M. N. 

1982. PHYsioi;oai(' rpk('ial];^ation in pu(’(4Nia graminis kegalir.’ 
Jour. Agr. Research-45: 297-815, illus. 

(4) IjKvine, M. N., and Cotter, R. U. 

1931. A SYNTHETIC PKODIU’TION OF PIKX’INIA (JIIMVIINIS HOKDEl F. AND J. 

(Abstract) Pliytm athology 21: 107. 

(5) Newton, M., and Johnson, T. 

1982. SPErjALIZATlON AND H YBRIDIZATION OF WHEAT STEM RX^ST, PUf’CINlA 
GRAMiNis TuiTin, IN CANADA. Canada Dept. Agr. Bull. 160, 
60 pp., illus. 

((i) - Johnson, T., and Brown, A. M. 

1980. A preliminary study on the HYBRIDIZATION OF PHYSIOLOGIC 
FORMS OF pui'cinia GRAMINIS TRiTici. Sci. Agr. 10: 721 -781, 
illus. 

(7) Stakman, E. C., Hines, L., Cotter, R. V , and Levine, M. N. 

1932. PHYSrOLOlJH* forms of PUCCINI a GRAMINIS PRODUCED ON BAR- 

BERRiES IN N\TUiiE. (Abstract) Phytopathology 22: 25. 

(8) -and Levine, M. N. 

1922. the DETERMINATION OF BIOLOGK’ FORMS OF PXTCCINIA GRAMINIS 
ON TRiTicuM spp. Miuii. Agr. Expt. Stii. Tech. Bull 8, 10 pp., 
illus. 

(9) Levine, M. N , and Cotter, R. V. 

1980. ORIGIN OF PHYSIOLOGIC FORMS OF PIT('C1NIA GRXMINIS THROUGH 
HYBRiDiz \tion AND MUTATION. Sci. Agr. 10. 707 720. 

(10) — liEviNK, M. N., and Leai h, J. C. 

1919 NEW BIOLOGK’ FORMS OF pu<’(’iNiA GRAMINIS. Jour. Agr. Research 
16. 108 105. 

(11) - and PiEMEisEL, F. J. 

1917. BIOLOIJT ( F ORMSOF Pl'C’CINl A (JRAMINIS ON (’EREALS AND GRASSES. 

Jour. Agr. Research 10* 429 496, illus. 

(12) W M.LACE, J. M. 

1932 PIIYSIOLOGK’ SPECIALIZATION AS A FACTOR IN THE EPIPHYTOLOIiY 
OF PU('(’iNiA <iRAMiNis TRiTK'i. Phytopathology 22: 105 142, 
illus. 

(18) Waterhouse, W. I.. 

1929. A PRELIMINARY A(T'OUNT OF THE ORIGIN OF TWO NEW AUSTRALIAN 
PHY8IOLO(U(’ FORMS OF PXKTUNIA GRAMINIS TRITICI. Lillll. SoC. 

N. 8. Wales, Proc. 54 [96| 100, illus. 


;i4-‘J 





SIZE AND ARRANGEMENIt OF PLOTS FOR YIELD TESTS 
WITH CULTIVATED MUSHROOMS ‘ 

Bv KiDMI^Nl) B. LaMBEKT'^ 

Aiis(K‘iate paihologisl, JHvision of Mgeology and Duseaae Surrey, bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

• 

Numerous studies have been made to determine the most efficient 
plot technic for various agronomic and horticultural cr<)})s under 
different conditions. A hil)liog:raphy on this subject has been 
published recently.'^ 

In the few papers dealing with the results of yield tests in experi¬ 
ments wdth the cultivated mushroom {Agarlvus carnpestris L.) a 
discussion of plot technic has been entirely neglected. Yet plot 
technic is of unusual importance in mushroom tests since there is 
normally more variability in mushroom beds than in ordinary field 
plots and the experimenter has an unusual opportunity to control 
conditions. Furthc'rmore, the number and size of experimental 
])lots must be reduced to a minimum because the labor and expense 
of yield tests is increased tremendously by the mushroorn^s habit of 
fruiting continuously for 3 or 4 months. 

In commercial practice mushrooms are usually growm on shelf beds 
in windowless sheds or houses. An average mushroom house is 
about 00 feet long and contains 2 tiers of 5 or 6 shelf beds in which the 
individual beds are 24 inches apart. The beds are 5 or (> feet wide 
and run the entire length of the house, except for a narrow' passagew ay 
at each end of the house.'* As a restilt of the placing of uprights and 
bed supports at 4-foot intervals along tlu' bod (fig. 1), the beds are 
normally subdivided into small sections 4 feet wide and extending 
across the bed. 

These structural featiires suggest at least four convenient units of 
bed space which might be used for yield trials- entire houses, tiers of 
beds, beds, and sections. 

Practical experience soon shows that entire hous(»s are not suitable, 
for differences in compost heaps and in the prevalence of fungus 
diseases and pests in the various houses more than counterbalance 
the advantages gained by the large area harvested. Ti('rs ()f beds 
are preferable to entire houses, since com))arisons may be made among 
test areas located in the same house, and since the beds are made from 
the same compost heap. For most experiments, however, this 
arrangement is not satisfactory because it precludes replication of the 
experimental areas owing to the fact that there are only two tiers 
of beds in a house. These objections do not apply to the use of beds 

» Hecoived for publication Jttii 2, 1U:U; issued July 1934 

* The writer gratefully acknowledges his indebtedness to L F. Lambert and L H Downing, who coii' 
ducted the yield tests at Ooatesville, Pa , and Downinglowii, Pa , respectively, to K Fate, Division of 
Mycology and Disease Survey, for assistance in the arithmetical calculations, an<l to F H Irnincr, T)i\ ision 
of Sugar Plant Investigations, for helpful suggestions pertaining to the analysis of the data 

3 Oarbkr, K. liOVE, H JI , Mookhs, r. A., and Kiksskuiach, T A. stanpakdization of kikld 
KXPERt^NTs. Jour. Amer. Soc. Agron 22 1056-1001. 1930 

* F.or a pefspective drawing of a standard mushroom house, see the following {lubhcation Lambert, 

K. MUSHROOM OHOWiNom THE UNITEP STATES. US Dept. Agr (Mrc 261, 3.5 pp , illus 1932 
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or sniallor plots; such as sections or g^oups of sections, for test units. 
Therefore,* for most experiments becl^^. or parts of beds would seem 
to be, a priori, the proper experimental units. 

The choice between entire beds and smaller plots depends largely 
on the comi)arative variability of the yields from these units. The 
experiments outlined in this paper were designed primarily to throw 
light on this question and on the problem of plot arrangement. 

MATERIAL AND METHODS 

The experiments wore conducted as simple uniformity trials. They 
were made in the Department’s experimental mushroom cellar at the 
Arlington Experiment Farm, Rosslyn, Va., and in commercial houses 



K/(a'i{E 1.'-Experimental nnj*shrooni herls at ArliURtswi Experiment Farm, Rosslyn, Va , dunled into 
Irj'Section plots 2 feet wide and exlendinir across the bed Note the plaeirif? of upright siipj>oits at 4-fo<»t 
intervals, this is the stmidarcl arraiiKcnient in commercial houses and the beds as a matter of convenience 
are usually fllled, with sections as unit areis, by unloading 10 or 12 bushels of compost at one time m the 
area between iiprighl supports 


at Downingtown and (hatcsville, Pa. The manure was composted 
in the regular manner, and the beds were filled with compost at the 
rate of approximately I bushel for 2 square feet of bed space. At 
Arlington Farm and Downingtown the beds were filled by emptying 
10 bushel baskets inU) each 4-foot section on beds 5 feet wide and 12 
bushel baskets into each se(;tion on beds 0 feet wide. At Coatesville 
2 sections were filled at one time with 24 bushels of compost. In each 
experiment the composting in the heap was done as uniformly as 
possible, the same batch of spawn was used for the entire surface, and 
the casing soil was from a single source in each house. The sections 
at the eiuls of the beds were discarded becaUvse the yields from these 
sections arc frequently reduced by excessive drafts. "The pii^ldug: was 
. done at intervals of from 1 to 3 days until the beds were practically 
exhausted. In this connection it should be noted that the production 
period was terminated at Arlington Farm by a speU of hot weather 










lunM, VleUl Tentn mhh (\Hlmted*hlushf^oomH 97 *^ 

and the lower hods, which wen^slow to stnrt, were injured Jiiore than 
the upper beds. j 

At Arling:ton Farm the total experimental area consisted of o beds 
each divided into 10 plots one half section (2 feet) wide (fig*. 1). At 
l)owninj?town 5 beds were ea(Ji divided into 10 plots one section (4 
feet) wide. At (k)atesvill(‘ 4 beds were each divided into 10 plots one 
section (4 feet) wide. The yields divert in table 1 for the s('parat(‘ 
plots are the sums of all the daily yields taken over a i)eriod of 'A 
jnonths for each plot. 

The “analysis of variance” method, devised and described by 
Fisher/'^ was used for analyzing the data. An arithmetical pr()(*edure 
was followed similar to that outlined by Fisher and Wishart.*’ 

ANALYSIS OF YIELD DATA FROM UNIFORMITY TRIALS 

ARLINGTON KXPKRIMKNT FARM, ROSSLYN, VA. 

The yields of the 50 individual plots on the 5 ex])erimental beds 
at Arlington Farm are given in table 1. if the 10 plots are considered 
as sejiarate treatments and the beds as replicate blocks of these 
treatments, an analysis of variance, as shown in table 2, may be 
calculated that helps to clear up many of the ])oints with which we 
are concerned. 
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In the reduction of the data the first objective was to determine 
the comparative efficiency of beds tjfcen as a whole and of smaller 
plots such as sections or groups of sections. The data indicate higlier 
variability between beds than between smaller plots (within beds) and 
lend themselves to the application of Fisher’s z test to determine the 
statistical significance of this difference. When Fisher’s table VI 
is consulted it is apparent that the observed value of z exceeds the 
1-percent point in all cases, and it may be concluded that the differ¬ 
ences are significant. The odds are more than 100 to 1 that such a 
difference would not occur as a result of chance variation. Since the 
variance between beds was significantly greater than the variance 
within beds, the data indicate that greater precision can be expected 
with smaller plots, and justify the arrangement*of plots in the beds 
so that the variance between beds can be eliminated in cal(*ulating 
the standard error. In practice tliis would mean the random dis¬ 
tribution of treatments on the beds with the restriction that each 
treatment shall occur once on each bed. 

Conceivably, there might be conditions in the mushroom house 
that would bnng about a (ionsistently larger yield at one end of several 
of the beds analogous to the fertility gradients freciuently encoun¬ 
tered in soil-heterogeneity studies. Under these conditions tliere 
probably would be justification for arranging the plots in 5 by 5 
Latin squares, in which the plots in each bed would constitute the 
rows and the plots one above the other or opposite one another in the 
house would constitute the columns of the square. Since all the plots 
have been treated uniformly the justification for such a procenliire 
can be tested from the data in table 1 by calculating and comparing 
the variance between columns with the variance within columns and 
blocks. This comparison also is given in the analysis of variance 
shown in table 2. In this case the variance due to the interaction of 
beds and columns (error) is larger than the variance between columns, 
indicating that there would be no significant gain in the precision of 
the experiment by arranging the plots in a Latin square. 

The next point of interest to be considered is the gain or loss in 
efficiency from the use of different-sized plots, such as one-half section 
(10 square feet), full section (20 square feet), or sections (30 stjuare 
feet). In a series of analysis of variance as shown in table 2 the 
standard error in percentage of the mean, or coefficient of variability, 
was found to be reduced from 17.24 for one-half sections to 13.6 for 
entire sections, and 12.4 for sections (triple ])lots). On a plot 
basis this indicates a gmn in precision with increase in plot size, but 
full-section plots take up twice as much space as the Jrsection 
plots and l)4-soction plots take up three times as much space. This 
raises the question of the relative efficiency of K-section plots, 
full-section plots, and triple plots when the same area is used in each 
case. Immer ^ givesp a method of determining the efficiency of plots 
of varying size and shape, calculated on the basis of variance p^r unit 
area of land, that can be used to answer this question. With the 
small plot as a standard, the relative efficiency of the larger plots 
was found by multii)lying the square of the coefficient of variability 
per plot by the quotient of the area of the larger plot divided by the 
. area of the sm all plot and expressing the result in percentage ofUhe 

“ . ^ IkHEK, F. R. SIZE AND SHAPE OP PI.OT JN RELAIION tO riELD EXPERIMENTS WITH SUGAR BEKT**. JoUf. 
Afft. Research 44; MIHm, iUu^t. m2. 
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square of the coeirieient of Variability of tlie small plot used as,a 
standard. When (calculated un this way, if the J^-s^ection plot is 
considered as 100 [)ercent efiicient it becomes apparent that on an 
area basis the efliciency of the full section is only cSO.Il percent and the 
effj(uen(cy of the 1‘^-section plot only (>8.3 percent. In other wonls, 
under the conditions exemplified by the plots studied, 10 replications 


replications of entire sections; 


2) J 


of ) 2 “Section plots are i)referable to 
and 15 replications of Jii-section plots 
arc preferable to 5 re[)lications of 1 bi¬ 
section plots. 

Theoretically it seems probable 
that the customary method of filling 
the beds with c-ompost and of using 
s('ctions in the beds as units for filling 
would cause a greater variability be¬ 
tween normal sections than between 
areas of similar size that do not coin¬ 
cide with the s(*ctions on the bed. 

The data at hand offer a means of 
t(‘sting this hypothesis. It is im^rely 
necessary to shift over one plot Ixdore 
]>airing the yields of the b.»-section 
plots to obtain for consideration a set 
of yields from areas (Mjual in size to 
s(H*tions but overlapping the normal 
sections in the Ix'd. If the foregoing 
conj('cture is convct the coc^flicicmt of 
variability calculatCHl from these units 
of area should be lower than the co- 
cHicient of variability calculatiMl when 
normal sections are used as jilots. An 
analysis of variance based on 4 shifted 
plots in each of 5 beds, as shown 
graphically in figure 2, gave a cocdfi- 
(‘ient of variability of 9.57 in contrast 
to the coefficient of variability of 13.6 
obtained for normal se(*tions. The 
conclusion, therefore, seems justified 
that less variability may be expected 
when the experiment is so arranged 
that the areas used as units for harvesting do not coincide with the 
areas used as units for filling the beds with (‘onipost. On an area basis 
the overlapping plots wore 201.9 percent as efficient as the normal 
sections and 162.2 pewent as efficient as the j 2 -se(‘tion plots. 
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Fir.\ Kh i ~ Duigruni .KhowjiiK reUifive si/e and 
arranmnni'iil of plots in typical blocks . l-J), 
Plots at Arlington Kxpcrjrnent Furnijtosslx n, 
Va ^1,2-foot plots, to plots t»cr block (oi bed), 
.*> blocks (.total area); ti, 4-fool plots, i>lots 
per block. 5 blocks. C, O-foot jilols, iilots iw 
block, 5 blocks. 4-foot plots, 4 plots jier 
block, o\eilapping units of filling, blocks 
p;and l’\ plots at Dow ningtow n, I*a K, 4-foot 
plots, 10 plots iH'r block, .*) bliK’ks, /•’, 8-foot 
jilois*, ^ plots jier block, r» blocks G 7, plots 
at (’oatcsville, Pa (7, 4-foot filots, 10 plots 
.per block, 4 blocks. If, S-foot jilols, plots per 
block, 1 blocks. /, vH-foot plots, 4 plots jier 
block, oM'rlappIng units of filling, 4 blocks 


DOWNINGTOWN, PA. 


The yields of 50 plots from the five experimental beds at Downiii}?-' 
town, Pa., are given in table 1. 

When the analysis of variance summarized in table 2 is applied to 
these’data the value of z obtained from a comparison of the variance 
within bods with the variance between beds is 0.47468. This is 
sliditly less than the 5-percont point, and indicates that, nnlijke the 
Arlington'Farm experiments, the precision of the experiment was hot 
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sigiiificantly increased by the arrangciiient of the plots to facilitate 
elunination of the variability betweerf beds. In like manner it was 
shown that there is no justification for arranging the experiment in 
Latin squares and removing variability due to columns. On an area 
basis, however, there can be little doubt of^the advantage of using 
replicate small plots rather than entire beds. * 

The coefficient of variability, calculated from the total variance 
for the data obtained by harvesting plots coinciding with sections on 
the bed (fable 2), is 19.7. When the area of the plot is doubled 
(fig. 2 and table 2) the coefficient of variability drops to 14.8. The low^er 
coefficient of variability is to be expected l)oth on the basis of the 
increase in the size of plot and the dissimilarity of the area used for 
harvesting and the area used for filling the bed with compost. How¬ 
ever, on an area basis the double section is only 88 percent as efficient 
as the section plot. 

COATESVILLE, PA. 

The yields of 40 plots from the 4 experimental beds at Coatesville, 
Pa., are given in table 1. 

An analysis of variance applied to these data leads to conclusions 
similar to those derived from the experiments at Downingtown. Here 
again it is evident that small plots are preferable to entire beds on an 
area basis although there was no significant gain in the precision of 
the experiment by accounting in the analysis for the variance between 
beds or between columns. The coefficients of variability calculated 
from the total variance for single sections and double sections, respec¬ 
tively, were 10.6 and 7.2 (table 2). This experiment differed from the 
previous ones in that on an area basis the double section was slightl}" 
more efficient (108 percent) than the single section. 

It should be recalled that in this experiment the units used for 
filling the beds with ^‘ompost were double sections corresponding 
to plots 1 and 2, 3 and 4, 5 and 6, etc., in table 1. Theoretically 
the coefficient of variability should be lower if the yield data are 
combined so that the double sections used for plots in harvesting do 
not coincide with the areas used as units for filling the beds. To test 
this conjecture the coefficient of variability was calculated from the 
double sections 2 and 3, 4 and 5, 6 and 7, etc., as plots. With plots 
arranged in this way the coefficient of variability drops to 4.1. This 
corroborates the evidence in the Arlington experiments in favor of 
arrangipg the plots so as not to coincide with areas used as units in 
filling the beds. On an area basis double plots harvested in this 
manner are 308 percent as efficient as the double plots harvested from 
the same areas as were used for filling the beds and 334 percent as 
efficient as the single sections. 

DISCUSSION AND CONCLUSIONS 
« 

The foregoing experiments demonstrate conclusively that small 
plots are preferable to entire beds as experimental units in a mushroom 
house. The variance of the small plots was in all cases less than the 
variance of entire beds. Furthermore, the small plots permit a 
greater number of 3 deld comparisons on the same area and al^o permit 
. increased precision through replication and thrbugh the arrangeiAent 
of ..the plots so as to reduce the effect of compost heterogeneity",and 
account for the variability between beds. 
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The results of the unifonnit] trials at both Arlington and Coat-esville 
indicate an important relatiofishij) between the arranj^emerit of the 
plots and the jnethod employed for tilling the beds with (‘oinpost. 
When areas were used for harvesting which were comparable in size 
to the areas used for tilling the beds but which overlapped the latter 
areas there was markedly less variability than when the same areas 
were used as units for both filling and harvesting. It would seem 
froju this that the customary method of tilling the beds by emj)tying 
10 or 12 bushel baskets of compost at a time in each section or by 
emptying 20 or 24 bushels into each double section induces an 
excessive variability in the yields from these areas. It is advisable, 
therefore, to arrange the plots so that they do not coimude witli the 
units of area used for tilling the beds. Probably a further gain can 
be made in the precision of yield tests by jnodifving tlie system of 
filling ex})erimental beds in order to mix the compost and distribute 
it more unifonnly in the beds. A practical method of doing this is 
to till the beds by emptying 1 bushel of compost at a time in each 
se(*tion at random in the bed until every se(‘tion lias received the 
recpiired amount of compost. 

This method of mixing the <*ompost in the bed should reduce the 
variability between plots on a bed, but probably would havT little or 
no effect on the variability betw(‘en beds. Therefore it is ne(*essary 
to account for the variability between beds in the reduction of the 
data. This may be accomplished by randomizing all the treatments 
on each of the beds so that the beds can lie considered as replicate 
blocks in Fisher's randomized-block system of analyzing the data. 
As there was no significant fertility gradient ((‘olumn effect) from 
one end of the house to the other, randomized blo(‘ks are preferable to 
Latin squares in that they leave more degrees of freedom for erroi’ 
and thus permit a more precise test of significance. 

The (juestion of the most desirable size among small ])lots is some¬ 
what problematic. In all the trials the larger jilots varied less than 
the smaller plots, so that more precision can be expected from the 
use of whole sections than Ji-section plots, double se(‘tions than 
single sections, etc*. But in 2 out of the 3 exi)eriments the increase 
in precision with increase in plot size was not proportional to the 
increase in plot size. In other words, greater experinumtal precisimi 
was obtained for a given area by increasing the replication of small 
plots than by increasing the size of the plots. In practice, however, 
it is usually more expensive to increase replication than tc/increase 
plot size; so the experimenter must reach a compromise, depending 
on circumstances. In the writer's opinion sections 4 by 5 feet make 
satisfactory plots in a small experimental house such as the one at 
Arlington Farm and double sections are a good compromise for con¬ 
ventional houses. This allows the comparison of live different 
varieties or treatments in a single experiment if all the treatments 
are laid out on each of the replicate beds in accordance with the 
randomized-block system. 

Before leaving the question of plot size, perhaps a word of expla¬ 
nation should be offered for an apparent anonmly in the results, 
namely, that increased precision is obtained by increasing the size of 
the small plots on the bed yet when entire beds are used as plots the 
experiments are less precise. Practical experiem^e suggests that this 
is due to the fact that greater differences may be expected in the 
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moisture eoiitent of the compost, diseases, insect flora, and tempera¬ 
ture from the top of the house to the Ibottom than from end to end. 
This is substantiated by the greater variation between beds than 
i)etween columns shown in table 2. 

The advisability of replicating treated plots need hardly be dis¬ 
cussed in view of the fact, already pointed out, that on an area basis 
in 2 out of the 3 uniformity trials precision was gained more rapidly 
through replication than through increase in plot size. The question 
at issue is how many replications are advisable under the limitations 
laid down by the conditions of the experiment, the funds available, 
and the structural features of the experimental house. In the 
writer’s opinion 5 or 6 replications are a good compromise since they 
will usually enable the investigator to detect differeiKies in yield of 
approximately 10 percent, due to experimental treatment. If 
greater precision is necessary it can be obtained through increased 
replication, as the randomized-block plan allows as many replications 
as there are bods in tbe house—usually 12 to 20. When difl'erent 
composts are being compared it is desirable to replicate the cojupost 
heaps in addition to replicating the plots derived from each ex|)eri- 
mental compost heap. 

SUMMARY 

Yield data are disctussed from uniformity trials in the experimental 
mushroom house at Arlington Experiment Farm, Hosslyn, Va., and 
in commercial houses at Coatesville and Downingtown, i^a. 

These tests indicate that small plots are preferable to beds as 
experimental units. Double sections ^ontaining from 40 to 48 scpiare 
feet of bed space seemed to be the most practical size of ])lot for 
experiments in commercial houses. In one of the experiments there' 
was a distinct advantage in arranging the plots on the beds so as to 
make it possible to account for the excess variation betwe'cn beds in 
analyzing the data. 

A gain in ])recision also was ap])arent when test ])lots were so 
arranged that they did not coincide with the areas used as units for 
filling the beds. Therefore, a modification of the usual method of 
filling beds is suggested for experimeBstal yield tests. 

At least 5 or 6 replications seem to be nece 8 sar 5 ^ 



MAGNESIUM, CALCIUM, AND IRON REQUIREMENTS 
FOR GROWTH OF AZOTOBACTER IN FREE AND FIXED 
NITROGEN' 

By C. Kenneth jyimor HS.enlijic nid^ and I>ean iiuRK, asfiocintc pfij/sical 

chemisL FeHtlizer Investigations Ihiil^ Bureau of Chemistry and ASoilsy United 
States Department of Agriculture 

INTRODUCTION 

Most of the investigations eonoerning; the inorganic nutrient re- 
(juirenients oi Azotobacter have not involved cojnparisons of growth in 
the pres^'nce and absence of fixed nitrogen. The majority have been 
chiefly (|ualitative studies in wiiich free nitrogen gas only was used, 
and they have yielded no evidence as to whether a particular element 
f)layed a necessary role in fixation or was a general growth nutrient. 
Burk and Lineweaver {(i) ^ have recently re])orted an elaborate seri(‘s 
of experiments with both macrocidtures and microcultures fErlen- 
meyer and Warburg technic) in which calcium (or strontium) was the 
only metallic ion found to be specifically required in the catalysis of 
the nitrogen-fixing process at concentrations greater than O.Ol milli- 
molal. Magnesium and iron (7) were found to be highly stimulating 
to th<» growth pro(‘ess in both free and fixed nitrogen over the respec¬ 
tive concentration ranges 0.1 to 3 millimolal and O.OOl to 0.015 
millimolal, but no studies were carried out at lowej* concentrations to 
ascertain whether these elements were strictly essential. 

The present work has extended these investigations in a (pianti- 
tative manner, with particular reference to the absolute growth re- 
(|uirements. Considerably modified cultural conditions have been 
employed. The experiments have lasted several days or weeks, 
instead of 0 to 48 hours, thereby ])ermitting ma.vinuiiu growth. 
The nutrient media have been maintained at the most J*ecently de¬ 
termined optimum concentrations with respect to all known nutrient 
recpiirements except the element or elements under consideration. 

REVIEW OF LITERATURE 

According to Buchanan and Fulmer 05), magnesium is essential to 
the growth of many, though not all, micro-organisms. Linossier {2:^) 
has shown that it is required for the development of Oidium lactifiy 
Buromsky {11) that it is essential for the growth of Attpergilhs niger 
and not replaceable by calcium, and Lockemann {2S) and Frouin 
and (Juillaumie {13) that it is not replaceable by calcium, strontium, 
or any of the rare earth metals in the case of the tuberculosis bacillus. 
Frouin and Ledebt {14) have shown magnesium to be replaceable by 
(‘.ertain of the rare earths for the production of pigment by Bacillus 
phocancus. Many otliers report stimulating action upon micro¬ 
organisms at low Voncentra-tions of magnesiuiu, with toxicity as the 
concentration is increased to 100 to 500 millimolal; however, essen¬ 
tialness at very low concentrations has rarely been definitely deter¬ 
mined. 
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* Rippel and* St 6 ess (27) concluded from experiments with a variety 
of bacteria and fungi, as well as from a review of the literature, that 
calcium is not a generally indispensable nutrient for micro-organisms 
but is occasionally necessary for some special physiological process, 
such as nitrogen fixation by Azoiohactef, On the basis of his compre¬ 
hensive experiments concerning the calcium requirements of living 
forms, Loew (2Ji) concluded that most lower organisms, in contrast 
to the algae and higher organisms, rarely contain calcium. 

Krzemieniewska (21)^ who has made one of the few quantitative 
studies of the inorganic nutrient requirements of Azotohacter^ found 
that 0.16 millimolal of magnesium and 0.12 millimolal of calcium 
were necessary for maximum growtli, whereas zero concentrations of 
either substantially prevented all growth and nitrogen fixation. The 
experiments were carried out in free nitrogen only, however, so that a 
(‘omparison of the action of either element on the growth and fixation 
processes was not possible. Schroder (29) found calcium not to be 
essential for Azotobacter growth in fixed nitrogen, but stimulating, and 
concluded that this effect was due more to a neutralizing action than 
to any specific effect of the calcium ion. Stapp and Ruschmann (SO) 
found little or no beneficial effect of calcium in a medium containing 
nitrate. 


Very little work has been earned out on the iron requirements for 
bacterial growth because the limiting concentration range is usually 
about one-thousandth that of elements such as magnesium or calcium, 
and most culture media, especially those containing organic nutrients, 
generally contain sufficient impurity to produce maximunj growth. 
A brief review of the most pertinent previous investigations on general 
bacterial growth is given by Buchanan and Fulmer (5^ p, J^tl), 
Previous work with respect to Azotobacter has been reviewed elsewhere 


(7, pp, 441-442), 


METHODS 


wSeveral media were employed, termed ‘4msur' (A), ^Vustomary^^ 
(B), ^^dtered^' (C), ‘‘humate-free'' (D), and ^Vhurcoal-treated^^ 
(E). The basal medium A consisted o(0.04 g (3 .68 millimolal) Kd IPO 4 ; 
0,16 g (1.18 millimolal) KH 2 PO 4 ; 0.2 g (0.81 millimolal) MgS() 47 ll 2 (); 
0.05 g (0.29 millimolal) CaS 042 H 20 ; 0.2 g (3.42 millimoTal) NaC^l; 
0.5 mg (0.009 millimolal) Fe as synthetic humate iron and 20 g 
(55.5 millimolal) MallinckrodPs sucrose crystals per liter. This 
medium was used as a standard control in most of the work. It pro¬ 
vided a heavy growth of Azotobacter (20 ing organic nitrogen per 100 cc) 
and did not precipitate upon being sterilized. Customary medium B, 
employed previously ( 6 , 7), contained 1 percent glucose instead of 2 
percent sucrose, no humate iron, and slightly more calcium and ])hos- 
phato. Altered med^iurn C contained more or less added Ca or Mg 
than basal medium A; it precipitated upon standing if the Mg 
‘content were lowered to 0.04 millimolal or the Ca or phosphate 
content increased 20 percent or more. Humate-free medium D 
consisted of basal medium A with no Fe addexi as humate iron. 
Charcoal-treated medium E was prepared by shaking 1 1 of humate- 
free medium D with 75 g of purified Baker^s animal charcoal, allowing 
to stand for several days, and filtering, Humate iron was added to 
the filtrate before use in order to insure optimum iron for growth. 

8*For method of preparation see the foilovring pubUcation: Hornbr, 0. K., Burk, p., and Hoovrr, 
8. R THE PREPARATION OP HUMATE IRON AND OTHER HUMATE METALS. Plant Physiol. (In preSS.) 1934. 
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Preliminary purification of the charcoal in order to I’cmove consider¬ 
able amounts of adsorbed gases and other impurities was accomplished 
by leaching 3 to 6 times «t intervals of several hours with equal 
weights of 6 N HCl and finally washing on a Buchner filter with 
dilute alkali and then distilled water until the wuish water was neutral. 

Fixed nitrogen when employed wuis added at the rate of 100 to 200 
mg (7.1 to 14.2 millimolal) per liter, as KNO 3 , N 1 I 4 C 1 , or urea. 

Erlenmeyer or Florence flasks of 150 to 250 cc capacity •containing 
15 to 25 cc of nutrient solution and plugged with (*otton were employed 
as culture flasks. Sterilization was ac'complished by autoclaving for 
10 minutes at 15 })ounds ])ressure, 20 percent extra distilled water 
being added to each llask to make up for loss by evaporation. The 
culture flasks w(jre inoculated with 3 drops of culture grown in aeration 
bottles containing 100 cc of customary medium. In the experiments 
where it was desired to minimize as much as possible any Ca or Mg 
carried over by the inoculum, heavy 2- to 7-day cultures were diluted 
50 to 100 times with sterile medium free from these elements. The 
cultures were incubated in duplicate or triplicate at 28° to 30° (\ for 
2 to 10 days, occasionally longer, w^ith freouent observations. 

(Irowtli wuis measured turbidimetrically with a Bausch & Lomb 
nephelomcter, corrections being made for any significant original 
turbidity in uiiinoculated cultures (cultures of low Mg content). 
The original and final pH values were measured colorimetrically by 
using the various La Motte indicators and standards. The original 
pH of all media was 7.0 0 , 2 . In general, the pH values tended to 

decrease a maximum of 1 to 2 units with increase in grow th, except in 
the case of culturcss with nitrate, wdiere the values often increased. 
The buffering capacity of the medium wuis substantially independent of 
the Ca or Mg concentration, being controlled chiefly by the phosphate 
concentration. In general, the sugar was rarely entirely consumed by 
the end of an experiment. 

The organism employed was Azoiohacter rinelandii, capable of very 
active nitrogen fixation and long in use at this laboratory. According 
to the recent work of Kluyver and van Reenen (/ 8 ), this species is the 
common juotile form of Azoiohacter, of relatively small size, occurring 
in soils. It produces a green fluorescent pigment, and at times as¬ 
sumes either a lighter, yellow, or darker, pink or purple, tinge, especially 
in the presence of molybdenum. 


EXPERIMENTAL RESULTS 

MAGNESIUM AND CAECIUM 

Tables 1 , 2 , and 3 show fair examples of the relative growths 
obtained witli Azoiohacter with a wide variety of Mg and Ca concen¬ 
trations under otherwise approximately optimal conditions. The 
ratios of growths in altered media C to those in basal medium A are^ 
given as the most direct means of comparing the results in the different’ 
experiments at various stages of growth and with the three forms of 
nitrogen employed.. Table 1 shows the effect upon growth of lowering 
either Mg or Ca while the other element is kept constant at the usual 
concentration; the results with varying Mg in the 10 -day experiment 
ar(i plotted in figure 1 . • . , * 

In general, the fraction of normal growth at any concentration of 
Mg is roughly the same in free or fixed nitrogen^ although the actual 
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growth may i)e 2 to 4 times as great in the latter. The fraction tends 
to become smaller with the duration of the experiment and extent of 
growth, as would be expected if Mg were an essential cell nutrient. 
In other experiments lasting 30 to 40 days, cultures without Mg were 
only about one-hundredth as turbid as the basal medium controls. 



CONCENTRATION Of AODCO Mg (MILL I MOL aQ 


Fkutrk I “Growth of Azotobactn in free and nitrogen as a function of magnesium concentration 
(Curves 1 and 2, growth (turhidity) in Ns and nitrate, respectively, JO-day experiment (table 1). f^urve 
3, growth (nitrogen fixed) in Nz, 12-day experiment, data of Krzemieniewska ($1) (ordinate scale different 
from that for curves I and 2). 

The growth of Azotoiacter, independently of the source of nitrogen, 
decreases from normal at 0.05 to 0.1 millimolal Mg to one-fiftieth to 
one-himdredth of normal at 0.002 millimolal Mg (estimated maximum 
impurity in basal medium and inoculum). 

Table 1. —Effect of Ca and Mg concenirationH npon Azotobactvr growth and 

fixatioif 




Growth (turbidity) ratU 

^ altered medium C 
’ basal medium A 

Ca 

Mg 

Experiment 1, 

Idays 

Experiment 2, 1 

0 days 



Nz (air) 

KNOj 

Urea 

Na (air) 

KNO{ 

Urea 

Milli- 

Milli- 







molnl 

molal 







f>0.29 

k 0.810 

1.000 

1.000 

1.000 

1 000 

1.000 

1.000 

.29 

.081 

1.000 

.573 

.940 

1.320 

1. 240 

1.300 

.29 

.001 

.350 

.382 

.658 

.450 

.873 

1.270 

.29 

.040 

.339 

.339 

.439 

.367 

.865 

.796 

.29 

.020 

.339 

.329 

.387 

.300 

.640 

.306 

.29 

.008 

.319 

.329 

.327 

,181 

.423 

.183 

.29 

.004 

.319 

.207 

.204 

. 122 

, 3.50 

. 144 

.29 

.000 

.257 

.114 

.084 

.037 

.141 

.(MiO 

.Ifi 

.810 

.808 

.958 

.800 

.718 

.953 

1.120 

,00 

.810 

.028 

1.040 

.048 

.708 

1.050 

1.220 

.03 

.810 

.532 

.840 

.560 

.508 

1.295 

1.190 

.000 

.810 

.172 

.710 

,52:i 

.437 

.940 

1.060 

.00 

.810 

.130 

.545 

.470 

.295 j 

.600 

1.190 


* \ ttowths In basal medium NOirurea (3 dayfl)«l:3.7;3.7; (10 days)»l:2.0;4.1, 

»juassd medium A. * 
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Table 2.— Effect of rarmble (\i~AI^raUos upon Azolohacter growth and fixation 





Urowth (lurbidily) ratio, 

^ altered medium C 
basal medium A 



Cn 

Mg 

ra/Mg 

Expcriniciit 1, 

4 ‘days 

Kx]>eriment 2, 

7 days 

Experiment 3, 

10 days 




N2(air) 

KNOt 

Urea 

N 2 (air) 

KNOx 

Treii 

NaCair) 

KNOi 

Urea 

Millt- 

Mitli- 











molnl 

motal 











0.290 

0.0 

03 

0 102 

0 028 

0 2110 

0 101 

0 315 

0 (K13 

0 032 

0 332 

0 073 

.029 

0 

00 

085 

424 

280 




009 

.202 

085 

012 

0 

CO 




.010 

175 

074 




. 2iK) 

.081 

3 r)8 

1 220 

. 09.5 

1 .505 



- 

981 

. 935 

1 010 ! 

012 

016 

.7.') 




.015 

589 

448 



1 

OOf) 

008 

i 7!\ 


- 


018 

4:t8 

214 




^ 290 

b 810 

30* 

1 000 

1 OIK) 

1 (KK) 

1 (KK) 

1 (KK) 

1 (KK) 

1 (KK) 

] (KK) 

1 (KK) 

087 

240 

30 

918 

.742 

1 190 




. 705 

.505 

J (KK) 

.029 

i 081 

. 30 

100 

. \m 

878 




1.58 

93.5 

.885 

' 004 

^. 028 

14 

i:io 

tm 

o:t8 

.(K)9 

007 

1 "(KK) 

01 (> 

. 550 

1 030 

.029 

81 

(«0 

09.5 

910 

878 

. 



. 27() 

704 

788 

02il 

2 4.3 

012 

85.5 

! 1 125 

.5.5:4 




329 

0.58 

9f»3 

. 029 

4 80 

. 000 

018 

1 125 

807 

1 



287 

033 

J o:4() 

0 

1 80 

0 

.297 

903 

745 

1 


1 

1.58 

. 508 

980 

0 

2 4;{ 

0 

304 

1 (KIO 

1 090 . 

.- -| 

j 



.333 

17.5 

878 

1 

81 

0 

173 

910 

1. 1.50 1 

104 1 

042 1 

972 1 

142 

. 424 

1 0.50 ! 


.081 

0 

(Ki7 

9o;i 

.807 1 



! 

. 037 

742 

9.53 1 

.0 

010 

0 



1 

0^) 1 

.547 

39t) j 



1 

0 

i 


(M)H 1 

4.54 '! 

214 1 

. 013 1 

317 1 

108: 

010 

2()3" 

089 j 


“ Holat INC growths i?i has\ - N.‘ NOi un*tt(4«l»\s)»l 0 2 7 1 H, (7(i{iys)=---1 0 14 2 I, ()0^Inys)-- 
l 0 0 9 I h 
•> Hastil inodiuiii A 
‘ (''harcoal'tmilod niciliimi K 


Tarle '6,- - 1nfluence of Co in medtuni and inoculum upon growth in free and fixed 

nitrogen 





1 (Jrow th (turbiditj) in 

1 Nitrogen source 

Ca in 

(’a in 

] 



medium 

: inoculum 






1 2dn\s 

3 days 

0 daxs 



! «f 


i 37 

123 

\ > 

1 -b 

1 

. 

30 

107 


1 _ 

1 ^ + 

_ 

7 

24 


1 

— 


() 

20 


1 b 

b 

58 

121 

234 

KNOi 

1 + 

1 

; 

» 

92 

05 

227 

280 


1 


25 

75 

149 


f 

f 

44 

212 

484 

Ciea. . . - 

j ^ 

. 

34 

172 

374 

- 


43 

2(K) 

472 


1 


29 

121 

4.55 


f + 

j 4 - 

88 

100 

231 

MlH(d _ 

- 

+ 

.52 

81 

141 

83 

231 

12.3 


1 

00 

KM) 

140 


f + 


0.3 

107 

310 

Axerage of KNO.i, urea, and 



47 

135 

277 

NHiCl 


+ 

.50 

179 

293 



~ 

38 

99 

248 


« Flasal nipdium A. 

*» Altered medium C fbasal medium A without Ca). KNO^ present in Ca-free medium used to prepare 
inoculum; such inoculum grown for 3 transfers previous to use 


Whon tho (^a of Uie medium is lowered, a different relationship is 
seen to rCxist. Whereas tile growth in fixed nitrogen may be de¬ 
creased a maximum of 50 percent, that in free nitrogen is lowered 
70 to 90 percent when but traces of Ca are present.^ Ca deficiepoy is* 
more pronounced in the early stages of growth in both free and fiied 

34-3 
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nitrogen. As growth progresses the^neexJ for Ca in fixed nitrogen is 
practically nullified; and, whereas a definite effect remains in free 
nitrogen, after a sufficient time (30 to 40 days) mere traces of Ca will 
permit 25 to 50 percent of normal growth. This substantiates the 
conception that Ca acts in a truly catalytic role in nitrogen fixation; 
only traces are absolutely necessary provided sufficient time is allowed, 
but relatively high concentrations are required to produce a maxi¬ 
mum rate of fixation. The Ca needed for normal maximum growth in 
free nitrogen is 0.15 to 0.30 millimolal or practically saturation (0.36 
millimolal), and this range appears to hold also in the early stages of 
growth in fixed nitrogen, but decreases after several days to less than 
0.01 millimolal in nitrate and presumably to zero in urea (and am- 
monia). 

The decrease with the duration of the experiment in the Ca require¬ 
ments for growth in fixed nitrogen is indicated in table 3. The cul¬ 
turing of the inoculum for several previous transfers in Ca-free medium 
does not enable the organisms to become adapted to such a medium 
since somewhat less growth is obtained, as compared to inoculum 
grown in a medium containing calcium. This is best seen in the 
“average” values and tends to indicate a very small but definite Ca 
requirement in fixed nitrogen for entirely maximum, as distinguished 
from approximately maximum, growth. It is seen that the (^a re¬ 
quirement in free nitrogen remains (considerable even after 6 days, 
the ratio of growth in its presence and absence (except for im})urities) 
being 6 to 1 at 3 daprs and 4% to 1 at 6 days. 

In table 2 are given the growth ratios with a variety of Ca/Mg 
ratios principally under suboptimal concentrations of both elements. 
The most definite results are obtained with the older cultures. It is 
seen that little if any effect can be attributed to the Ca/Mg ratio, as 
has been reported frequently with supraoptimal concentrations with 
various organisms in connection with antagonism (5, pp. 282-284, 
S56-359). The independent effect of each element can be analyzed. 
Varying the Ca in the absence of Mg has very little effect in any case, 
since the lack of Mg is already limiting the growth almost completely. 
The two 0.75 Ca/Mg ratios show no significant difference in N 2 , the 
Ca and Mg both being highly limiting; in fixed nitrogen the decrease 
corresponds to the Mg decrease. The three 0.36 ratios, with widely 
varying concentrations of the two elements, show definite decreases 
of growth in Nj (due to calcium deficiency), but relatively little in 
fixed nitrogen. Keeping the Ca constant at 0 or 0.029 millimolal and 
increasing the Mg sixfold from 0.81 to 4.86 millimolal causes no con¬ 
sistent significant change in the amount of growth. As indicated 
previously, toxic effects are obtained at concentrations much greater 
than 4.86 millimolal (6 “customary”). 

The charcoal treatment of basal medium A was developed to re¬ 
move, if possible, some nutrient or nutrients specifically required in 

f rowth 07 fixation, either in large or very small concentration. Hop- 
ins {17) used this method (without the charcoal purification) to 
remove traces of iron from dissolved sugar. As shown in table 2 
(Ca/Mg —0.14), the effect of the treatment can be attributed glmost 
entirely to the Ca a,nd Mg removed; the Ca was found upon'analysis, 
by an oxalate precipitation method, to have been reduced to about 
OAe-sevetitieth, and the Mg, by an ammonium phosphate precipita- 
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tion method, to one-tJurtietli oi'the original concentrations. Tlie Mg 
retained is still sufficient to permit 50 to 100 [lercent normal growth 
in fixed nitrogen, whereas in free nitrogen the combined Mg-Ca de¬ 
ficiency permits but slight growth, owing chiefiy to lack of Ca and 
secondarily to lack of Mg; the^effect of Mg deficiency is enhanced at 
low Ca. The average growtli ratios in the charcoal-treated medium 
E for seven different 0- to 10-day experiments were: N 2 , 0.015; KNOy, 
0.595; urea, 0.715. As may be seen in table 2, th(‘se growth ratios arc 
approximately those obtained when the same order of Ca and Mg con¬ 
centrations are added intentionally in making up altered media. 

The preponderant influence of (^a-Mg deficiency in the charcoal- 
treated medium P] was also demonstrated by determining the effect of 
adding thereto the different basal medium A salts se|)arately. The 
KH2PO4, K2HPO4, and NaCl caused substantially no im])rovement. 
Humate iron was normally added to all charcoal-treated medium E, 
but special experiments involving its omission showed that it likewise 
was not beneficial. Table 4 shows the effect of adding Mg and Ca 
separately and together to the charcoal-treated medium E. The most 
striking results, as would be expected, are observed in free nitrogen, 
(^a alone increases the growth about 7 times. Mg about 18 times, and 
both together about 45 times, or to within 25 ])(u*cent of that in basal 
medium A. The fact that Ca and ^^g together did not cause com¬ 
plete recovery indicates that some other slight inhibiting fa(‘tor may 
oe involved in the charcoal treatment, but a 10- to 80-percent variation 
can 1)0 ex])ected in the methods of culturing and measurement em¬ 
ployed. Since the deficiency in the case of fixed nitrogen is not 
sufficient to cause more tlian this amount of inhibition, no definite 
beneficial effect of the added (\i and Mg can be detected. Neither 
the (^a nor the Mg alone is sufficient to return the growth to normal 
since the other element is always deficient. When either Mg or Ca 
solutions (of basal medium A concentration) are treated with charcoal 
and added to the other salts untreated, both media so obtained show 
growth inhibition, as would be expected. This inhibition is overcome 
by adding Mg or Ca, resj)ectively. Similar treatineiit of phos])liate or 
NaCl solutions yields no inhibition. It may be stated also that- the 
extent of reduced growth obtained in charcoal-treated medium E was 
independent of the concentration of PV added and also the amount or 
age of inoculum. Finally, sugar charcoal as compared with animal 
charcoal yielded no growth reduction; iff fact it was observed to j)ro- 
vide iron in media deficient in this element. • 

Table 4. — Growth recovery in charcoal-treated medium E upon addition of Mg or Gn 


Medium 

Ort)\\th (lurbidit.vl ratio,® 
altered Tnediiiiu (" - I 

r~ 1 — T’ -when source of , 

basal inodmin A i 

nitrogen was — 


Nz (air) 

KNO, 

1 

T^rea 

Basal A. 

1 (K)0 

1 (KM) 

1 (KM) 

i^'harcoaMreatod F.-^ - 

oin 

.787 

70S 

Charcoal-treated E+0.29 millimolul Ca. — 

Oharfjoal-treated E HO.81 milUmolal Mg*.- 

. n.^ 

. 80.*^ 

\ .'Kw 

.297 

*• 597) 

.81.') 

Charcoal-treated e 40 529 millimolal and 0 HI milli- 
inolal Mg.- - - -- 

t 

. 7.12 

.787 

.808 


® Relative growths in basal medium A -NatNOrurea (« days)»!.(): 1.0:1.7. 
* Low. 
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The apparent essentialness of for Azotohacter growth, as 
observed in" the preceding experiments, is almost certainly a true 
magnesium requirement. The Baker^s MgS 04 . 7 H 20 employed was 
examined spectroscopically.^ Only sodium was found in considerable 
amount, with definite but faint indication of aluminum, copper, 
calcium, iron, lithium, and silicon, and possibly vanadium and boron 
(no potassium). All these elements, and others, were tested for their 
effect in either charcoal-treated medium E or basal medium A con¬ 
taining no Mg. The following metal ions were added to charcoal- 
treated medium E: Cu, Mn, Ni, (’’o, Al, Zn at 0.1 p.p.m.; Mo, wSi, Ti, 
Cr at 1 p.p.m.; V, Mn, FJ, Li, and Ba at 0.1 and 1 p.p.m.; 20 and 200 
p.p.m. of natural humic acid, a material which undoubtedly contains 
traces of all basic elements normally found in soil; and also 10 p.p.m. 
coenzyme R (i). No increase in growth was observed with any of 
these. In the magnesium-free medium the following metals were 
tested: V, B, Mo, and Li at 2,5 and 10 p.p.m.; Ba and Sr at 2.5, 10 , 
25, and 50 p.p.m.; and Mn at 0.5, 2.5, 10 , and 12.5 p.p.m. Mn, Ba, 
and Sr api)eaTed to be slightly beneficial. The other elejnents yielded 
no increase in growth. Mg as such is therefore essential with no 
element able to act very efficiently in |)lace of it. No stimulation in 
basal medium A resulted from 0.1 and 1 p.p.m. Cu, Al, Ni, and Mn, 
but stimulation was often increased Hi to 3 times by either V 
Na 3 V 04 , or K 2 V 4 O 9 ) or Mo (NaMo 042 H 20 ) at 1 p.p.m., in agreement 
with previous findings of Bortels (5, 4 ), Burk and Lineweaver ( 6 ‘), 
Birch-11irschfeld (3), Schroder (29)j Kluyver and Van Reenon (ISf 
and Konishi and Tsuge {19), 

lUON 

The problem of demonstrating a definit(' iron requirement usually 
necessitates purification of the medium rather than tlie addition of 
iron, owing to the low values involved. The phosphate-adsorption 
method reported by Hopkins (17) in connection with the green alga 
Chlorellay and the carbonate treatment des(*ribed by Steinberg (31) in 
connection with the bread mold Aspergillus^ for removing traces of Fe 
were found to be incapable of causing any Fe deficiency for Azotohacter 
in basal medium A without humate iron (mcdi\im £)). There still 
remained after treatment 0.001 to 0.003 millimolal F'e. The modified 
Hopkins^ charcoal treatment emplwed for removal of Mg ,and Ca 
masked any possible removal of Fe. Ruhland's {28) method of 
autoclf^ving and filtering a nutrient solution composed only of inor¬ 
ganic nutrients was found to lower the Fe impurity of the inorganic 
salts of basal medium A but could not be employed for sugar puri¬ 
fication. Several sugars were, therefore, obtained, which when 
analyzed by a method previously described (7, table 1), showed a 
varying and relatively low Fe content, as follows: Difeo dextrose, 
4X 10 "^ percent; Herck’s dextrose, fix lO'"' percent; Baker’s sucrose, 
6X30*“'^ percent; and Mallinckrodt’s sucrose, 9 X 10 ’"^ percent. The 
' inorganic basal medium A (without humate iron or sugar) contained 
before and after autoclaving and filtering while hot 2 .fix 10 ^® milli¬ 
molal and 1.7 X lO"'* millimolal Fe, respectively. It was possible to 
obtain 8 Fe concentrations ranging from 5)^10“® millimolal to 
4.5 X 10'^^ millimolal by employing each of the 4 sugars at 1^9 inilli- 
* molal (0.5 per cent) together with 41.6 millimolal (1.5 percent) of the 

j These examinations were made by the Bausch & Lomb Optical Oo. 
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Mnllinekrodt’s (vory low iron) siktoso, hiisiil inor<>;^inir inodiiini A 
bein^ used with nnd without 5 >10 ’ inilliniohd huinnto iron (Fo 
impurity in synthtdic humic* acid with no K(‘ intontiiuudly addc'd); 
the* low^ost concemtration was ohtaiiuMl hy usinji; 55,5 millimolal 
(2 jnuvont) Mallinrkrodt’s su^ro^o in inoipinic* mcMlium jjrc'viously 
autoclavod and filtcurd. Maximum iron was assured hy addinj^ 
J.8X 10' * millimolal humate iron to some of lh<‘ (‘ulturc's. 

Figure 2 shows tlie relative growdhs obtained with these yarying Fe 
(‘xOncH'ntrations. Tlie curves detinitely approach zero growdh at the 
lowc'st concentrations, wdiereas the sugar, Difeo dextrose, with the 
maximum Fe impurity, 4 10~^ millimolal, yields practically normal 

growth. The conccuitration of Fe yielding maximum growth increases 
somewhat with age of culture ((‘urve^s 1 and Ic/, 2 and 2tt), as was 
shown previously in a different manner in connection with humic 



Fk.i RK 2 —Orowtlj of Azolobactrr in fm* and fixed nitroReii as a fund ion of iron eoncentration Curves 
I and 2, ^rowlh (lur>)idif\) in ‘in<l nllrate, le'.peiti\el>, 0 <l)i\ evpmnient Mine , lU and 2n, J-dav 
e\i>erimenl 


acid stimulation (<S\ p. J/)8, jig. 2). At any given age of*culture 
approximately the same differences in amount of growth in free and 
fixed nitrogen are obtained at all iron concentrations (table 5), 
indicating that, as determined hy this method, there was no specific 
fixation effect of Fe deficiency, such as was obtained so definitely in the 
case of Ca. The phenomenon of the growth in free nitrogen approach¬ 
ing that in fixed nitrogen, after a prolonged period of time, is show n 
by the ^‘average*' values, table 5, and hy comparing the ordinate 
ranges between curves 1 and 2 and curves la and 2a. This i>he- 
nomenon is commonly observed and presumably bears no direct 
relation to Fe requirements, but to limitations by other factors 
(S, j)p. Ruhland (28) has reported a limiting Fe concen¬ 

tration range for the autotrophic hydrogen organism Bacillus pymoU 
icui which is essentially the same as that demonstrated for Azotobacterf 
no growtli being obtained at 10'"® inillimolaJ and maximum growth 
occurring by 1.2 X lO”"^ millimolal. 
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Table 5 .—Ratio of growth in fixed and free nitrogen at different iron concentratiom 



(Irovvth Uiirbitlity) ratio, lor eM>orimf>nt- 

CoTicontration of Fe (millinjolal) 


No 

1« ' 

_ 

No 2 

• 

2 (lays 

9 days 

3 day.'^ 

6 day.*: 

4 8Xl0-> 

f) 0 


V 7 




f>9Xl0 5. . . 

0.7 

|:t i 

5 5^6.0 
17.0 

2.0 




1.01X10-4--- _ 

1 23. 

12^2 




1 

2.4 

_ 

. 

1 ix«o-* - - _ 

7 0 

r5 4 
fi 7 

2 4 


- 


1 oyio C- - - - 

5 6 



.- 

4 1X10-^ . 

0 2 


2 :i 


-- - 


4.<;xio-< . 

0 1 

(f) 4 

2 2 

12 0 





8 0 


2 1 



I 8X10 - - - . - . - - 

0.0 

:4 8 

V 2.2 

2 0 

-- 




8.7 

] 

it 





5 8 

1 

1.0 





7 4 

I 

2 0 



ISXIO-*’. 

5 7- 

2 7 

f M 

2 0 





fi 6 

1 

1 9 





7 1 

j 

2.4 



^fiXU) ' - - - - _ - - 





4 0 

4 3 

3 0X10-4. 





3 0 

3 fi 

8 1X10-'. 





fi 7 

2 0 

3 8XHM. 





4 3 

> fl 3 

3 3 

(3 1 

18X10-*' . 






' 12 0 






14 2 

U 4 

AveruRC 

- 

0. 1 

2.:i 


4 4 

3 4 
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COMPARISON OF ABSOLUTE ELEMENT REQUIREMENTS 

Comparing tlie concentrations of essential elements producing 
half maximum growth (Cg/s) is as convenient, and more accurate, 
than comparing those required for optimum growth, under variable 
experimental conditions. Table 6 gjves Cg /2 values for Ca, Mg, and 
Fe under various conditions of age of culture and nitrojjen source, 
and also those for Ca and Mg determined from Krzemieniewska’s 
data {21). These values have been determined graphically from 
curves such as those shown in figure 1 for Mg: and in figure 2 for Fe. 
The values for Mg and Fe do not vary significantly with respect to 
nitrogen source, being essential elements in any case, whereas the 
nonessentialness of Ca in fixed nitrogen is strikingly shown by the lack 
of any definite positive value, as compared with 2X10~'^ to 5X10~* 
milliniolal in free nitrogen. Ca /2 for Fe is about one five-hundredth 
of that for Mg or Ca in free nitrogen. 

In general, Cq/j should decrease with or heaviness of cultures if 
the element is utilized relatively more efficiently at lower concentra¬ 
tions by being employed over and over again in a catalytic manner. 
It shomd incre^e if the element is consumed and prevented from 
further functioning. As can be seen from table 6, there are no changes 
in Co/s, for any of the elements, great enough to distinguish conclu¬ 
sively between catalysis or consumption or a combination of both, 
A tendency appe^ for a decrease with Mg and Ca and an increase 
with Fe, and earlier evidence with Ca and Fe supports this interpre- 
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tation. Cc }/2 probably varies relatively little for growths ranging 
from 2 to 20 mg organic nitrogen per 100 cc (light to very heavy 
growths, about 20 to 200 mg dry matter per 100 ee); 'it should be a 
fairly characteristic constant. This is important in connection with 
the basal medium A employed, since normally Mo and V were not 
added, although in experiments involving very heavy growth they 
could cause definite increases in growth. 

Tabi.k ().—Approximate concent rat ionn of calcium^ magneaiu m, and iron required 
for half maximum growth of Azotobacter uning various sources of nitrogen 


the concentraHon (niilliinolal) yiekling half-mii\iniiiin jirowth when 
source of nitrogen was 


Element 


Ca 

Mg 

Ee_ 


Na (ail) 

KN(h 

Ttch 

Nz (KrzeniK'- 
niewska (ii)) 

2 3 t1a> s 

9- 10 days 

2- 3 days 

9-10 days 

2-3 days 

9-10 days 

5 days 

12-15 

days 

4X10-'-' 

(1X10 

1 ixio-< 

2X10-* 
4X10 2 

1 4X10 < 

“0 2X10-< 
«X10“2 

1 ixio-c 

'»0-2X10-* 

2X10"2 

1 6X10 * 

•‘0 2X10-< 
.'ixio-^ 

•i(K2X10 « 
3X10-2 

8X10 2 
5X10-2 

XX 


' Maximum ('a inifiurity In medium and inoculum. 


Krzemieniewska {21) reported that potassium, sulphur, and phos¬ 
phorus were re(|uired for Azotobacter growth in relatively large con¬ 
centrations, the first-named at about that found for Ca and Mg, and 
the latter at a value 8 to 10 times as great. Vogel {32) and Stapp and 
Ruschmaim {30) report, however, that the addition of potassium to 
media was not required. Similarly the present writers, and Stapp 
arid Ruschmann (SO), have found that the traces of sulphur occurring 
as impurities will yield at least 50 to 75 percent of maximum growth. 
The phospliorus requirements have been generally assumed to be 
relatively high; Burk and Lineweaver {6) have indicated that 0.1 
millimolal is sufficient. 

DISCUSSION 


The experiments of long duration reported above are seen to con¬ 
firm the previous observations (6*) involving experiments essentially 
of short duration concerning the catalytic elTect of Ca unon the 
nitrogen-fixation process of Azotobacter. Tlie small concenirations 
of Ca studied in the present work yield still more evidence that Ca 
acts in a truly ('atalytic role. The relatively large concentrations 
emphasized previously (0.10 to 0.30 millimolal) applied to obtaining 
the maximum rate of fixation by young cultures, rather than to the 
maximum amount of growth after a long period of time. The appar¬ 
ent stimulation of growth in fixed nitrogen by Ca is much lessened, if 
not upon occasion entirely eliminated, as the duration of the experi- • 
ment is increased. 

The essentialness of Mg for the growth of Azotobacter is much more 
evident from the experiments of long duration, with the other inor¬ 
ganic nutrients at normal concentrations, than in the experiments of 
Burk and Lineweaver {6) where 10 times the customary diluted me-, 
dium was* chiefly employed. Wliereas some growth may occ'.ur- in 
free nitrogen with less than 2X10“^ millimolal Mg (estimated maxi- 
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mum impurity) in the first 24 to 4S liours, surpassing th«t obtained 
with a medium containing 0.81 milliiuolal Mg, but no (>a, growth in 
the former practically ceases after a few days, whereas in the latter a 
definite increase occurs. In this case the Oa is being used continu¬ 
ously at very small concentrations. 

As mentioned above, and observed in a former i)aper {G, p, 164^ 
‘‘pscudo-Ca-Sr-eflect^’), Mg appears to possess at times a somewhat, 
greater rejative beneficial effect upon growth in free nitrogen than in 
fixed nitrogen, particularly at low concentrations of Ca. For the 
present, this is still interpreted as involving no specific influence upon 
the fixation process proper, but probably making my Ca present in 
the cells more available, perhaps merely more soluble. In this con¬ 
nection, Mg has been observed to interfejc markedly with Ca precipi¬ 
tation by oxalate, and also, as mentioned above, serves to maintain 
a clear nutrient solution by increasing the solubility of calcium phos¬ 
phate. This efiect upon Ca solubility would scarcely be related to 
the chief effect of Mg in the growth process, since Ca is substantially 
unnecessary there. 

Haines {16) has reported a somewhat parallel relationship with Cn 
and Mg between the production of bact('rial gelatinase and growth 
with five different micro-organisms. Ca alone promotes the forma¬ 
tion of the enzyme while permitting but poor growth; Mg alone 
yields good growth but substantially no gelatinase. The best effect 
IS obtained in the presence of both elements, probably owing in part 
to the influence of growth itself upon the protease production. • In a, 
previous work, Haines (15) reported a similar effect with the enzyme 
attacking caseinogen. He suggests that future work might show 
salts of Ca to be essential for the formation of proteases in general. 
Although this view might appear contradictory to Rippel and Stoess^ 
{S7) conclusion as to the general unessentialness for Ca for mi(*ro- 
organisms, since the majority probably produce proteases, it suggests 
in connection with the present work with Azotobacter that (?a when 
essential for organisms is a constituent of some particular enzyme. 
Thus, Nakamura (26) has found that Ca is an essential activator for 
amylase. The concentration of Ca l\iis recently been shown, however, 
to have no influence on two specific aspects of fixation by Azotobacter^ 
namely, the pH limit at fi, and the Michaelis dissociation constant 
or nitrogen pressure at whirh half maximum velocity of fixation is 
obtained (5). . 

Mg may also act specifically as a constituent of certain frequently 
occurring enzymes, as well as in some general phenomenon such as 
permeability. Lohmanii (26) has found that Mg is an essential 
constituent of the coenzyme for lactic acid formation in muscle and 
for cozymase in yeast, and Erdtman (12) has found that it is necessary 
for liver phosphatase. The general utilization of Mg in oxidative 
processes is improbable, however, because of their diversity in the 
various organisms. Kruse, Orent, and McCollum (20) have shown 
that Mg deficiency in young rats leads to death and that the most 
strikiM blood change is a disturbance of the lipoid distribution. 
This finding may disclose upon further investigation that ‘Mg is 
concerned generally in some phase of lipoid behavior. 

The observation that the iron requirement of Azotobacter, as 
mfeasured by finw amounts of growth obtained with the Erlenmeyer 
technic, is substantially independent of the source of nitrogen con- 
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firms the ])revi()us finding (H, pp. 465^ 4H'£, ^SY/; p. that jn 
ox|)<^riin(‘nts of tliis ty])o th(‘ stitmilation cansiMl by iron supplied to 
(Mislomary medium, as Immaie or otherwise, is a])proximat.ely the 
same in free and fixed nitrojjjen: that is, iron does not normally a])p(*ar 
to influenee directly or. s])ecifically the availability of either Of these 
sources of nitrogen, the one more than the other. 'Fhe very much 
lower concentrations of Fe as compared to (^a recjuired in free nitrogen 
make a specific fixation requirement somewhat more difficult to 
determine by the methods here employed. In earlier papers reference 
was made (7, pp. 4^7^ 447^ P- table 6; 10, p. 523) to 

unpublished work on the ap])arent specific effect of iron in fixation 
under certain particular conditions, obtained with the Warburg 
technic, where the velocity constants as distinguished from the final 
amounts of growth were observed. This apparent s])ecific effect of 
iron has now been definitely determined to be due to an exceedingly 
small molybdenum impurity in the iron. The molybdenum is 
effective at a concentration of only 1 to 100 mg ^ per 1 , 000 , 000 , 000,000 
mg medium (1 to 100 parts per trillion, or 10 "^^ to 10 "'^ molal Mo.) 

The amounts of iron recpjired for maximum growth of Azotobacter 
as determined in the ex])eriments reported here are ap])roximately 
tlie same' as those indicated in previous work (7), namely, 0.0004 to 
0.01 millimolal ( 0.02 0.5 p.p.m.). In the experiments described in 
table 5 and figure 2, the concentration 0.018 millimolal as compared 
to 0.0018 millimolal gave growihs 10 and 22 percent higher, on an 
average, at 2 and 1 ) days, respectively. No similar comparison of 
C\i/j values is possible, since it is only in the present work that the 
low concentrations of Fe have been studied. 

SUMMARY 

The magnesium, calcium, and iron recjuinunents for growth of 
Azotobacter rinelandu in the presence of free and various forms of 
fixed nitrogen have been investigated (piaiititatively, and brief 
reference made to other inorganic elements. Various types of media 
were employed. In comparison wdtii work reiiorted previously, the 
experiments were of relatively long duration (2 to 10 days), and the 
grow ths obtained were very lieavy (20 to 200 mg dry matter per 100 
cc). • 

The concentrations of the respeclive elements yielding half 
maximum growth ((^ 5 / 2 ) have been determined as the most'accurate 
means of making various comparisons. In these experiimuits C(i /2 
was relatively independent of duration of experiment and extent of 
grow^th. ()g /2 for Ca is 2 5 X I0~* millimolal in free nitrogen, and 
negligible ( 0 ’ 2 X 10 "^ millimolal) in fixed nitrogen, such as nitrate, 
ammonia, or urea; this difference confirnis i)revious findings concerning*, 
the specific role of calcium in the nitrogen-fixing process. With 
Mg and Fe, Cg /2 is independent of the source of nitrogen, being 2 6 X 
10 “^ and 1 . 1 - 1 . 6 X 10 “'* millimolal, respectively. The essential role 
of both Mg and Fe in growth is indicated by an approach to zero 

f rowth at the lowest copcentrations. No specific requirement of 
\ (or♦Mg) in fixation was evident in experiments of tlie type here 
eiiployed, confinning previous findings that normally huniate iron 
exerts th.e same stimulation in fren and fixed nitrogen. 

<BIjKK ,D. AZOTA.SE AND NITROOKNAHK IN AZOTOBACTER RcvieW Cluipter ID Nonl, F F , ttiul W’C«(iPn* 
haRen, U., Ergehnlsse dw Enzyraforshuiig. Illus Leipzig. 1934 



994 ^ Journ<d ojf‘ Agricultural, Research Voi. 46 , uo. 11 

,The concentrations of Mg, Ca (in free nitrogen), and Fe required 
for maximum growth are 0.05-0.1 rnillimolal, 0.1-0.3 millimolal, and 
0.0004-0.001 millimolal, respectively. The requirement for P appears 
to be 0.1 millimolal, and for S, K, Mo, and V equal to or less than that 
for Fe. 

Mg could not be replaced in the growth process by Cu, Mn, Ni, 
Co, Al, Zn, Ca, Sr, Ba, Mo, Si, Ti, Cr, V, B, or Li applied in various 
concentrations. 

In ascertaining the very low Fe requirement, adsorption methods 
involving charcoal, calcium carbonate, or calcium phosphate did not 
suffice to free the medium from iron. It was necessary to select 
sugars with different and very low amounts of iron. This juethod 
should be useful in connection with various elements similarly needed 
in traces in general bacterial growth. 

LITERATURE CITED 

(1) Allison, F. E., Hoover, S. R., and Burk, 1). 

1933. A respiration coenzyme. Science (n.s.) 78:217 218. 

(2) Birch-Hirschfeld, L. 

1932. t^BER DEN EINFLU8S VON MOLYBDAN UND BODENEXTRAKTSTOFPEN 

AUK DIE N-BINDUNO VON AZOTOBA('TEU rHROO('0(’(niM. Arch. 

Mikrubiol. 3:1341) 361, illus. 

(3) Bortels, H. 

1930. MOLYBDAN ALB KATALYBATOR BEI DER BIOLOGIBI’HEN BTK’KBTOFF- 
BiNDUNG. Arch. Mikrohiol. 1:(333)-342. 

(4) - 

1933. KURZE NOTIZ C BER DIE KATALYSE DER BIOLOGI8(’HEN BTK’KBTOFF- 

BiNDUNG, Cenibl. Bakt. (etc.) (II) 87:1476] 477 

(5) Bik’hanan, R. K., and Fulmer, K. I. 

1930. PHY 8 IOLOGY AND BIOCHEMISTRY OF BACTERIA. V. 2. Baltimore. 

(6) Burk, D., and Lineweaver, H. 

1931. THE INFLUENI^E OF CALCIUM AND STRONTIUM UPON THE CATALYSIS 

OF NITROGEN FIXATION BY AZOTOBACTER. Arch. Mikrobiol. 

2:[155]-186, illus. 

(7) -^ Lineweaver, H., and Horner, C. K. 

1932. IRON in RELATION TO THE STIMULATION OF GROWTH BY HUMIC 

ACID. Soil Sci. 33:41;L-452, illus. 

(g) -Lineweaver, H. and Horner, C. K, 

1932. THE physiological nature^ OF HUMK’ A(’ID STIMULATION OF 
AZOTOBACTER GROWTH. SoU Sci. 33:455 487, illus. 

(9) -Lineweaver, H., and Horner, C. K. 

1934. THE SPECIFIC INFLUENCE OF ACIDITY ON THE MEC HANISM OP NITRO¬ 

GEN FIXATION BY‘AZOTOBACTER. JouF. Bact. 27:325-340, illus. 

(10) - -jr- Lineweaver, H., Horner, C. K., and Allison, F. K. 

1931. THE RELATION BETWEEN IRON, HUMIC ACID, AND ORGANIC MATTER 
IN THE NUTRITION AND STIMULATION OF PLANT GROWTH. Science 

(n.s.) 74: 522-524. 

(11) Buromsky, J. 

1912. DIE SALZE, ZN, MG, UND CA, K UND NA UND IHR EINP’LUSS AUF DIE 
ENTWICKLUNG VON ASPERGILLUS NIGER. Ceiltbl. Bakt. [etC.j 

(II) 36: 54-66. 

(12) Erdtman, H. * 

1928. Obbr nibrenphosphatase. hi. Hoppe-Seyler's Ztsclir. Physiol. 
‘ ‘ Chein. 177: [231]-236. 

(13) Frouin, a., and Guillaumib, M. 

1926, nutrition min^bale dv bacillb tubebculeux. Bull. Soc. 
Chem. Biol. 8: 11151J-1177. 

(14) -and Lbdbbt, S. ' , 

1912. ACTION DU vanadate DE SOUDE ET DBS TBBRES BARES SUB. LB 
D<&VBL0PPEMBNT DU BACILLE PYROCTANigUE ET LA PRODUCTION 
. ' DB S|&$ PIGMENTS. Cottipt. Rend. Soc. Biol. [Paris] 72/ 981-983. 




4 * » * 

June 1 ,1934 Inovganic NutrieMt Regwlremerds of Azotobacter ‘ , 99f5 


(15) Haines, R. B. • ’ , 

1931. THE FORMATION OF BA<’TERIAL PROTEASES, ESPECIALLY IN SYN¬ 
THETIC MEDIA. Biochem. Jour. 25: [1851]-1859. 

( 16 ) - 

1933. FURTHER STUDIES OF THE EFFECT OF THE MEDIUM ON THE PRODUC¬ 
TION OF bacteriaA oELAi'iNASE. BiochciH. JoiIF. 27: |4()(>1 474, 
illiis. 

(17) Hopkins, K. F. 

1930. IRON-ION (CONCENTRATION IN RELATION TO OROWTH AND OTHER 

BIOLOGICAL PROC’ESSES. Bot. (iRZ. 89: 2011-240, ill/is. 

(18) Kluyver, a. J., and Reenan, W. J. van. 

1933. UBER AZOTOBACTER AdiLis BEijERiNi’K. Arcli. Mikrohiol. 4. 
12801-300. 

(19) Konisjit, K., and Tsuge, T. 

1933. EFFECT OF INORGANIC CONSTITUENTS OF SOIL SOLUTION ON THE 
GROWTH OF AZOTOBACTER. Jour. Agi*. Chcni. Soo. Japan 9: 
129 144. 

(20) Kruse, H. D., Orent, K. R., and McCollum, K. V. 

1933. studies on MACJNESIUM deficiency in animals. hi. CHEMK’AL 
( HANGES IN THE BLOOD FOLLOWING MAGNESIUM DEPRIVATION. 

Jour. Biol. Chcm. 100: 003-043, illus. 

(21) Khzemieniewska, H. 

1910. DER EINFLUS8 DER MINERALBESTANDTEILE DER NAIIRLOSUNG AUF 
DIE ENTWICKLUNCJ DES AZOTOBAKTERS. liull. IllU'niatl. Acad. 

Sci. Cracovie Math, et Nal. 1910 (B): |370]-413. 

(22 ) Linoshier, G. 

1917. suit LA BIOLOGIE DE l’oIDIUM LA(’TIS. 1NFLUEN(’E DE LA (H'ANTITIs 
DES ALIMENTS MIN^:RAUX SUR LE D^IVELOPPEMENT DU CHAMPKi- 

NON. Coinpt. Rend. Soc. Biol. [Paris] 80: 433-435. 

(23) Lockemann, G. 

1919. WELf’HE NAHRSTOFFE SIND FI‘R DAS W ACHSTUM DER TUBERKBL- 
BAZiLLEN UMBEDiNcjT NOTWENDKL Ceiitbl. Bakt. |etc.] (I) 83: 
420 425. 

(24) hoEW, (). 

1912. Ober die giftwirkung von oxalsauken salzen und die physi- 

OLOGISCHE FUNKTION DES CALCIUMS. BiocllOIH. Ztsclir. 38: 

[2201-243. 

(25) Lohmann, K. 

1931. UBER DAS KOFERMENT DER MIL('H8AUREBILDUNG DES MUSKELS. 

Naturwissiischaften 19: 180. 

(20 ) Nakamura, H. 

1931. AMYLASE protec ting SUBSTANCES. VII. THE IDENTIFICATION OF 

THE CHEMICALLY PURE PROTECTIVE SUBSTANCES. JoUr. SoC. 

Chem. Indus. Japan Sup. Binding 34: 211-222. 

(27) Rippel, a., and Stoess, V. 

,1932. IST (CALCIUM EIN FUR MIKROORGANISMEN NOTW ENDIGES ELEMENT*' 

Arch. Mikrohiol. 3: [492]-500. 

(28) Ruhland, W. 

1924. BEITRAGE ZUR PHYSIOLOGIE DER KN\LLGA8BAKTERlExt. Jahrl). 

Wins. Bot. 03: [3211-389, illus. 

(29) Sc HRciDER, M. 

1932. DIE ASSIMILATION DES LUFTSTK KSTOFFS DURCH EINIGE BAKTERIEN. 

Ceiithl. Bakt. [etc.] (II) 85: [177]-212. 

(30) Stapp, C., and Ruschmann, G. 

1924, ZUR BIOLOGIE VON AZOTOBAKTER. Arl). Biol. Rcichsaust. Land u. 
Forstw. 13: [305]- 368. 

(31) Steinberg, R. A. 

1919. A STUDY OF SOME FACTORS IN THE CHEMICAL STIMULATION OF Tilt; 

GROWTH OF ASPERGILLUS NIGER. Amer. Jour. Bc)t.*0: 330-372. 

(32) Vogel, fj], 

1912. UNTEBSUCHUNGEN OBER DAS KALIREDtiRFNlS VON AZOTOBAKTER. 

• Centbl. Bakt.^etc.] (II) 32: 411 -421. 




THE NORMAL DEVELOPMENT OF THE LEG BONES. OF 
CHICKENS WITH RESPECT TO THEIR ASH CONTENT ‘ • 


By H. M. Harsh AW, naaistant hiochemiat, J. C. Fritz, junior hiologut, and 

Harry W. Titus, biological chemist. Animal Ilusbauflrg Division, Bureau of 

Animal Industry, United States Department of Agriculture 

INTRODUCTION 

Thti ash (‘ontent of certain liones, cspe(*ially those of the has 
been used in recent years as a measure of the effect of experimental 
diets on the mineralization of the skeleton of the animals to which 
the diets were fed. This has been particularly true in some of the 
nutrition studies with (thickens, in which the percentage of ash in one 
or another of the leg bones has been used to determine the extent 
of the oc(‘urrence of rickets. The ease with which rickets may be 
produced in chickens has led to the use of chickens as laboratory 
•animals for determining the antirachitic value of the various vitamin 
1) su])plements, particularly cod-liver oil, used in diets for poultry. 

In ord(U’ that a correct interpretation mav be placed on the results 
of work of this nature, it is necessary that (^ata on the ash (*ontent of 
the bones of birds reared under normal environmental conditions be 
available for the purpose of comparison. Furthermore, these data 
should furnish information on the effect, if any, of age, breed, and 
sex on the ash content of the bones. The published percentages of 
ash which have been considered as normal were obtained almost wholly 
from the analysis of the bones of birds reared under rather artificial 
conditions, and they represent only one or, at best, a few ages. It is 
necessary also to know how the several factors other than diet affect 
the deposition of the mineral elements in bone, for otherwise one 
cannot be certain that the results obtained are due only to the diets, 
or, more specifically, to the vitamin D supplements being studied. 

Furthermore, it is often desirable to compare the results of work 
(»arried out in different laboratories, and in order that this may be 
possible it is ru'cessary that comparable methods be used for the 
d('termination of the ash in the bones of the experimental birds. At 
present there does not seem to be any great degree of unanimity 
among the various investigators in this respect. In general the tibia 
has been used for this purpose, but in some cases other f)ones have 
been used. Some reports show different ways of prejiaring the bones 
for analysis; others show the use of different methods for ash deter¬ 
mination. wSome of these differences probably had little or no efl’ect 
on the results obtained, but it is also probably true that some had a 
marked effect. 

This lack of uniformity in the methods used for the determination 
of the ash of the leg bones, as well as the lack of adequate information 
regarding the percentage of ash in the bones of chickens reared under 
normal conditions, made it desirable to ascertain the ash (content of 
the bones of such chickens of both sexes and of different ages and* 
breeds by the use of a simple and rapid method. 
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PLAN OP THE INVESTIGATION 

It was planned to rear two groups of chickens, each group of a 
different breed* under favorable conditions on a grass range, and to 
study the normal development of their leg bones with respect to the 
ash content. Each week, for 20 weeks, representative birds were to 
be selected from each group to furnish tbe bones to be studied. The 
plan involved the determination of the ash content of each of the 
three major long bones of the right leg and of tbe combined bones 
of the left leg (1) with the epiphyseal cartilages retained and (2) with 
the epiphyseal cartilages removed. 

To obtain supplementary information as a check on the ash content 
of the bones, it was planned to determine the calcium and phosphorus 
content of the blood serum and of tbe ash of the tibiae, and to note, 
by means of X-ray shadowgraphs, the age at which calcification 
occurred at the distal and proximal ends of the tibiae and the proximal 
end of the metatarsus. The blood-serum studies were conducted for 
25 weeks; the other studies for 20 weeks. 


EXPERIMENTAL MATERIAL AND METHODS 


Three hundred and fifty chicks of each of the two breeds used 
(Rhode Island Red and Single-Comb White Leghorn) were hatcdied 
on April 8, 1931, at the United States Animal Husbandry Experiment 
Farm, Beltsville, Md., and were placed, the next day, in colony brooder 
houses on a grass range. At that time 100 cliicks of each breed were 
selected at random and wing-banded. These birds were weighed 
then and at intervals of 2 weeks thereafter for 20 weeks, in order to 
obtain a reliable indication as to whether the average growth of the 
birds was satisfactory. 

For the first 14 week^, the birds were fed the following dry mash: 


Yellow corn meal -__ 

Ground wheat_ . 

Wheat bran. 

Dried buttermilk_ 

Meat scrap (50 percent) 

Calcite_ _ 

8alt_.. 


Percent 

41. 50 
20.00 
15.00 
10. 00 
10. 00 
2. 75 
. 75 


Total.........100.00 

In adilition to this mash, during the-first 6 weeks after hatching- 
the birds were given all the freshly soured skim milk they would con¬ 
sume. After the fourteenth week and until the end of the twentieth 
week, all e.\cept 2.5 percent each of the meat scrap and dried butter¬ 
milk was replaced by yellow com meal. 

On the day after the chicks were hatched and at intervals of 1 week 
thereafter, a sufficient number of individuals of each breed was selected 
.at random from among the unbanded birds to furnish the leg bones 
necessary'for the ash determinations. The number for each sample 
varied from 1 to 15, depending on the size of the chicks. 

Calcium and inoi^anic phosphorus determinations were made on 
the blood serum of the birds selected, in oMer that it might bp known 
whether they were normal in this respect. Blood sample of approx-- 
. imately equal size were obtained by heart puncture from eacH. of 
^ese birds before they were killed for bone samples. The blood 













June 1 , 1934 Ash Content oj Leg Boneft of Chi^keiu . 999 


samples of birds of the same sex and breed were tljen combined for 
analysis. It was not possible, however, to differentiate readily 
between the sexes until the age of 6 weeks in the case of the Leghorns, 
and until tlie age of 7 weeks in the case of the Rhode Island Reds. 
Accordingly, until the sex of the cliicks could be determined, the 
blood samples were combined with regard to breed only. The serum, 
obtained by centrifuging the blood samples, was analyzed for calcium 
by the Clark and Collip (2) ^ modification of the method of Kramer 
and Tisdall; and for inorganic phosphorus, by the metlu^d of Fiske 
and Siibbarow (3). 

After the collection of the blood samples, the birds were killed 
by cutting the jugular vein and puncturing the brain. Immediately 
after they were killed. X-ray shadowgraphs were made of the legs 
in order that the calcification of the bones might be studied by this 
means. The leg bones were then removed and disse(‘ted free of flesh 
in preparation for ashing. The epiphyseal cartilages were removed 
•from the bones of one-half of the birds but not from the bones of the 
other half. Thus, one-half of the samples were made up of the 
diaphysis alone, and the other half included the diaphysis and the 
epiphyses. The long bones (femur, tibia with fibula, and metatarsus) 
of the left leg were combined in one sample, whereas the femur, 
tibia without fibula, and metatarsus of the right leg were studied 
separately. 

During the first (> wTcks, the following mindiers of birds WTre used 
in preparing each sample at tlie ages indicated. 

Number of birds rei)resented in each sample: Age 

15.. _ - .._ _ 1 day. 

12. . _ - _ ..._ , __ 1 week. 

S .. . _. .. .. ...2 weeks. 

7 -- - - - 3 weeks. 

e- - . . . .. 4 weeks. 

f)-- - - ...5 weeks. 

- - -- - _ () weeks. 

After the age of fi weeks, one bird was sufficient for the weekly 
sample. 

Rone samples of chicks of each sex were obtained as soon as the 
males could be readily distinguished from the females. As each 
bone was freed of flesh and its periosteum, it was placed in 95-percent 
ethyl alcohol and kept there until the d^^ternunation of its ash con¬ 
tent was begun. The following method of obtaining the asl^content 
of the bones was used: The bones were removed from the alcohol, 
cut into small pieces with bone snips if they were inconveniently 
large, wrapped in filter paper, and extracted for 0 hours with 95- 
percent ethyl alcohol in a Soxhlot extractor. They were next allowed 
to dry in the open air and then extracted with diethyl ether for fi 
hours. After being dried again in the air, the bones were placed in 
weighed crucibles, dried in a vacuum oven for 4 hours at a temperature 
of 60° C., and weighed. The weighed, oven-dried samples.were their 
ashed to a constant weight, at 600°, to obtain the weight of ash in 
the moisture- and fat-free bones. 

l^revioiis, but unpublished, work at the United States Anirral 
Husbandry Experiment Farm has shown that this method is efficient 
tvoAi the standpoint of accuracy and rapidity of determination.^ The 

. . . . * • 
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extraction slumlcj bo continued only long enough to insure removal of 
the soluble material. For this purpose, the writers have found 6 
hours with each solvent to be sufficient, for the percentage of ash after 
such treatment was fully as high as that reported by St. John and 
his coworkers {9) when much longer periods were employed. 

The amount of calcium and phosphorus in the ash of the tibiae 
was then obtained.'* For this purpose, the ash was dissolved in 
dilute hydrochloric acid and the resulting solution was made up 

to a definite volume. Aliquot 
i,«oop I 1 T 1 rr ' parts of this solution were used 

1 I I 1 It*’’ determination of cal- 

1,200 white LEGHORNS _ _ cium iiccording to Kraiiicr und 

Howland’s (^) method for bone, 
determination of 

• 00 - -4 — I phosphorus by the gravimetric 

,00 * « I ■ '»<‘thod tl'c Association of 

^ I I • Official Agricultural f'hemists 

« I I I , 1 (f) for fertilizers. 



NOKMAL FOR FEMALES I 


MALES IN CXFERIMCNT 



RHODE ISLAND REDS 


AGE (WEEKS) 


FKiHRI! 1 - Average weights, at 2‘Week intervals, of 
males »iKl!»females of the two breeds compared with 
normal weights reported for these breeds by ffendneks, 
J,iee, and Titus (5) and by Titus and Jull (/<)) 


EXPERIMENTAL RESULTS 

GROWTH OF THE BIRDS 

The average growth (as 
measured by weight in grams) 
of the birds which were handed 
is shown in figure 1. There 
were 35 males and 44 females 
of the White Leghorn breed 
and 37 males and 45 females 
of the Rhode Island Red breed 
The curves show tliat the 
growth was satisfactory as com¬ 
pared with the growth pre¬ 
viously obtained at the Belts- 
ville experiment farm with 
these breeds (5, tO). 


CAUmJM AND INORGANIC’ PHOS- 
PHORUS CONTENTS OF BLOOD 
SERUM 


normal welghth reported for those breeds by Hendricks, mi ^ ^.alnSuTY^ unri 

ue, and Titus ( 5 fand by Titm and JuiK/o) i he calcium ancl inorganic 

phosphorus contents of the 
blood serum of the birds at intervals of 1 week are shown in figure 2. 
All the values obtained were well within the normal limits, as shown 
by unpublished results; in fact, there was less variation than is fre¬ 
quently observed under experimental conditions. The variation was 
so small thi’oughout most of the first 20 weeks as to have no apparent 
significance. Shortly after the reduction of the relative quantities of 
the protein concentrates in the diet of the birds at the a^e of 14 
weeks, there was a decrease for about 4 weeks in the inorganic phos¬ 
phorus content of the blood serum, whereas"the calcium content showed 

I * The deUrminatious of the calcium and jghosphorufiJIn the ash of the tibiae were carried out by ‘R E 
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no change. This decrease in phosphorus content was then followed 
by an increase for 2 or 3 weeks and then by another decrease. There 
was, apparently, no significant difTerence in the calcium,and inorganic 
phosphorus contents of the blood serum of the males and females 
from the sixth or seventh week, when sex was first differentiated, to 
the twentieth week. 

Determinations of the calcium and inorganic phosphorus in the 
blood serum of the birds were continued from the ages of 20 to 25 
weeks, with the special 
object of observing the 
changes in the c.ahium 
of the blood serum of the 
pullets as they began to 
lay, as compared with 
those changes in the 
blood serum of the males 
of the same ages. Figure 
2 shows a very marked 
increase in the case of the 
White Ijcghorn pullets 
after the twentieth week 
and a similar increase in 
the case of the Rhode 
Island Red pullets after 
the tw(mty-third week. 

This increase was un¬ 
doubtedly due to the 
increased demand f o r 
calcium to be used in egg 
prodiKdion, as the pullets 
began to lay at about 
this time. Hainan (4) 
has shown that there is an 
increased retention of cal¬ 
cium from the feed dur¬ 
ing the week preceding 
the beginning of egg pro¬ 
duction,* and Hughes and 
his coworkers (7) have 
found that there is an in¬ 
creased content of cahuum in the blood serum of pullets at the time that 
laying begins. 

CAJ^CIFJ(^AT10N OF EPIPHYSKS 

Through an examination by the X-ray shadowgraphs, certain 
stages in the calcification of the epiphyses were noted. J)uring the 
first week of the life of the chick, centers of ossification appeared in 
the cartilages at the distal end of the tibia and the proximal end of 
the metatarsus. There was no difference between the two breeds 
in this respect. Centers of ossification a})peared in the cartilage at 
the pr^)xirnal end of. the tibia by the end of the sixth week. In this 
respect also no differen(‘<^ was noted between the two breeds. 

After the first apjjearance of the centers of ossification the areas ^ 
undeTgoing calcification gradually increased in size until they ma^de 
up most of the epiphyses and the epiphyses became attachea to tlie 
09S65—34-4 * . 
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diaphysis. The, union of a diaphysis with an epiphysis occurred first 
at the proximal end of the metatarsus, then at the distal end of the 
tibia, and later at the proximal end of the tibia. There seemed to be 
a tendency for the epiphyses of the females to calcify at an earlier 
age than those of the males, and for those of the White Leghorn birds to 
calcify at an earlier age than those of the Rhode Island Reds (table 1). 

Table 1 . —Effect of breed and eex on the age at which the calcification of the epiph- 
ysei'were apparently complete^ as shown by the X-ray shadowgraphs 


Breed and sex of birds 


White I^irhorn: 

Female... 

Male. 

Khodo Island Ked 

Female. 

Male. 


Age of bird when calciflcatiou 
occurred at— 


Proximal 
end of meta¬ 
tarsus 

Distal end 
of tibia j 

Proximal 
end of tibia 

Weeks 

Weeks 

Weeks 

12 

13 

! 19 

14 


21) 

n 

17 

20 

14 

HI 

('*) 


« Not complete at twentietli week. 


ASH CONTENT OP BONES 

Tlip percoutagc of ash in the moisture- and fat-froe i)ones each week 
of the experiment is presented in figures 3 and 4, and the percentages 



at 4, 5,6, 7, 8, and 20 weeks are p^ven in ta,ble 2. The curves arq com¬ 
paratively smooth during the first few weeks, when the determina¬ 
tions of ash were made on samples composed of bones of from 5 t^ 15 
individuals. Later, when the samples represented single birds, these 
cu.rves are not so smooth. 
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Tabll 2 —P(r<entage of a^h iii ihf mimtuu-and fat-fjec hams of tin White Lighot ns 
and (he Iihod< Island Rid^ at tin agts indicated 


UllITl IK.JIOlvNs 


Unlit Milli t irliUp^oreUimcd | Hones with t irtil im rtino\( 1 


1 





— 



Sex 









1 einur 

1 ibia 

Meta 

( oni 
bined 

I tinur 

1 ibia 

\Ula 




t irsu'^ 

bone 



t \rsus 


Pfutnl 

PiTitnt 

Pncnit 

J*ercf nt 

Ptrcnif 

Percejif 

Pi reel t 

\ol snpnr lie 1 

17 K 

47 '■ 

4f 4 

17 t 

'>') 1) 

S7 4 

S(\ 7 

do 

dS 1 

IH 4 

4 7 

18 1 

'■« 1 

'17 f 

n 2 

f\l Ip j 

r s 

18 7 

47 n 

17 f 

SI) 

8 

W . 

1 Venule 

IS s 

IS f 

17 f) 

48 1 

se 0 

S7 1 

f 8 

/Male * 

4K 1 

4S 1 

|o 0 

47 1 1 

S{ 0 

'•h 1 

5- 

11 einale 

48 8 

48 1 

18 1) 

18 8 

f 2 

■■f) - 

>8 ! 

/Male 

48 n 

4« •> 

'Ml 8 

48 

S(S 1) 

n 0 

•js 1 

1 r tmale 

48 

4n 1 

'Ml 

111 0 

1 1) I 

''7 4 

V 11 

/Male 

'id » 

5'> 8 

V) 8 

M 1 

•il 8 

VI f> 

VI 4 

\ I cmalt 

n 2 

M () 

’ll) 8 

')4 3 

i ’i7 1 

’>7 7 

''8 S 


f oni 
tuned 
hone'' 


Piritnf 
>0 0 
'■7 I 
*>(. 0 
’if <> 
’>7 1 
<) s 

ry ) 

’•f) u 
')7 0 


RHODE ISLAND REDS 


4 

Not separated . 

4fi 7 

47.0 

46 5 

40 5 

55.0 

66 6 

57 0 

56 7 

5 

--- do. 

40 3 

40 8 

46. 5 

46 6 

55 .8 

56 4 

56.9 

56 5 

6 

— do... . 

40 4 

47 0 

40 1 

47 3 

55 3 

55 4 

56,3 

55 6 


/Male. - - 

45 0 

40.1 

45 5 

45 9 

52 *2 

51 0 

54.6 

53. 5 

* 

1 Female. 

47 1 

49 0 

48 3 

18 0 

54 6 

55.4 

, 56.8 

55 5* 

u 

/Male. . - 

45.0 

47,0 

46 9 

46,6 

53. 7 

55 8 

56.6 

56. 1 

B 

1 Female. . . . . 

47,4 

49.8 

49.7 

49. 1 

54.4 

55.4 

55 8 

55.1 


/Male.- -- 

50 0 

51.8 

5^4 4 

52 2 

1 52 6 

58 5 

.58 3 

56 0 


\ Female . . . 

• 

49,0 

53.0 

56.0 

51 8 

55.3 

58. 5 

59 8 

67 4 


• ™ general, the ash content of tlie moisture- and fat-free bones of the. 
chifcks at .the age of 1 day was approximately 40 'percent when -the 
epiphyseal cartilages were removed and 30 percent when they wore 
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retained. There was a marked increase in the ash content during the 
first week, and this increase continued, but at a progressively slower 
rate, during the next few weeks. Thereafter, there was relatively 
little change. 

A comparison of the curves represtuiting the ash content of tlie 
bones, with and without the epiphyseal cartilages, shows that the 
diaph^sis contains an apprecia bly higher percentage of ash than does 
the diaphysis with the epiphyses. This difference is greatest during 
tlie first jfew weeks, after which the curves representing the percent¬ 
age of ash in the bones prepared in the two different ways tend to 
approach each other gradually and are fairly close together at the 
end of 20 weeks. 

The ash content of the bones obtained from the White Leghorns 
was higher than that of the corresponding bones of the Rhode Island 
Reds. This difference continued throughout most of the period of 20 
weeks covered in the present study. After approximately the nine¬ 
teenth week, liowever, there was a tendency for tlie ash content of 
the bones of the Rhode Ishmd Reds to become veiy nearly equal to 
that of the bones of the White Leghorns. Thus it appears that calci¬ 
fication of the leg bones proceeds at a higher rate and is completed at 
an earlier age in the White Leghorns than in the Rhode Island Reds. 
Such a difference is to be expected, since the former matures somewhat 
more rapidly than the latter. 

Another point brought out by these curves is that throughout most 
of the period when the males and females were studied separately the 
average ash content of the leg bones of the females from which the car¬ 
tilage had not been removed was higher than that of the leg boties of 
the males. However, at the twentieth week there was, in general, very 
little difference. In contrast to this, the ash content of the bones 
from which the cartila'ge had been removed was practically the same 
for the two sexes. 

A comparison of the three long bones of the leg shows that the 
metatarsus had the most ash, the femur the least, and the tibia an 
intermediate amount. During the preparation of the samples a corre¬ 
sponding difference was noted in the^ihysical character of these three 
bones. The metatarsus was yellowish white in color, had a yellow' 
marrow, greater strength, and less brittleness than either of the other 
two bones. There was less difference between the femur and tlie tibia. 
Both of^them were grayish wdiite, had a red marrow, and tended to 
shatter readily when cut with the bone snips, in contrast to the meta¬ 
tarsus which permitted the bone snips to cut through cleanly. The 
femur, however, seemed to be somewhat more brittle than the tibia. 
Thus, it appears that the ash content of the bones bears some relation 
to their physical character. 

CALCIUM AND I*HOSPHOttUS CONTENTS OF THE ASH OP THE TIBIA 

There was relatively little change in the calcium and phosphonjs 
contents of the asli of the tibiae throughout the 20 wm^ks and, for this 
reason, only the averages of the results obtained are given in table 3. 

After the first week the values ranged between approximately 34.5 
and 37 percent of calcium and 17.5 and 18.5 percent of phosphorus. 
There, was apparently no difference in this respect between the bdnes 
of cockerels and pullets or between birds of different ages/ 
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Tablk 3. —Effect of age atid sex on average 'percentage of calciam and phosphotons 'in 
the ash of the titnae of White Leghorns and Rhodi Istand Reds 

UHITK I.K<JHoKNS 


nf 

hir<ls 


J (lay - - 
15 weeks 

fi-'JO weeks. 


1 (lay 
1 « w'eeks 

7 1:0 weeks 



Mooes wilii carliluKci tetaiopil 

Moups with (•art»lrtJ^p reinovtst 

St‘\ <ir ImhIn 



— 





< 'a 

1* 


( Sj 

|> 

V-AlV 




ratio 



ratio 

- 

- 


- 





I*erci nt 

Ptrcrut 


Ptreeni 

Pet cnil 


Not separuUjcl 

31 :t 

17.7 

1 77-1 

35 0 

20 4 

1 72.1 

. cio . 

3.'> 0 

IS 1 

1 94 1 

34 2 

17. S 

1.94 1 

IMhIp - - . 

.-h*). 7 

17 U 

1 9S:I 

3f) 7 

IH 2 

2 02-1 

1 Feninle 

.3.5,0 

17.fi 

2 0.5.1 

3(5 2 

IS. 1 

2 00:1 

RHODK JSIAND 



_ 

Not soparalLMl . 

3,3 4 

IS 

1 77 1 

! 35 0 

i 

! 19. s 

-- . 

! 1 77:1 

<lo... . 

34 5 

17 « 

1 93-1 

1 34 S 

1 17 9 

1 9(5:1 

1 M alP . 

.35 3 

17 S 

1.97 1 

3(> 1 

1 IK 1 

1 99 1 

iFcntalp 

3«i, 7 

IS. 1 

2 (K):l 

1 3(5 7 

1 IS 4 

I 

2.00.1 


The ratio of eulciuiu to fihospliorus in the a>sh of the tibiae was 
found to be very close to 2.0:1 in most of the samples; therefore the 
averages of the values, ^iven in table 3 for the different breeds and 
sexes, in most instances are also very (dose to 2.0:1. However, one 
exception to the fore<i;oing statement is that of the cakdum-phosphorus 
ratio of the ash of the tibiae in birds aged 1 day. The average^ ratio 
was 1.77:1 in three cases and 1.72:1 in the fourth. 

DISCUSSION 

The data iJivsentt'd in this jiaper on the ash content of the moistun'- 
and fat-free h'g bones of chickens indicate that there was little tend- 
(Uicy for the percentage of ash in those bones from which the (‘artilage 
had been removed to change after the fourth or fifth week. There 
appears, however, to have Ikhui a slight tendency for the ash content 
of the metatarsus to increase with the age of the chick and for that of 
the femur to decrease between the fifth and fifteenth week. Never- 
thelcvss, in both cases the maximum deviation from the average ash 
(xmtent observed between the seventh and twentieth week was less 
than 4 percent of the average. 

Although the data show that the ash content of the bones fr(3m which 
the epii)hyseal cartilages had been removed tended to remain rather 
constant from the fourth to the twentieth week, they also show that 
there was a gradual increase, during this period, in the ash content of 
the bones (other than the femur) from which tlie cartilages had 
not been removed. It apijcars, therefore, that this change was due to 
a progressive calcification of the epiphyseal cartilages. In any case, 
the ash content of the bones from which the cartilages had not beei\ 
removed tended to become more nearly equal to that of the bones from 
which the cartilages had been removed as the birds approached matu¬ 
rity and the calcification of the epiphyses became more nearly 
complete. 

AThe tendency for the ash content of the diaphysis to remain rather 
constant under normal conditions does not necessaffily mean that, the 
ash content may not change under certain conditions, for unpublisljed 
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experiments Jby .tlie writers have shown that it may change either 
as the result of the occurrence of rickets or because of a change 
in the rate of growth. If the rate of gi’owth is slow, the cartilage-free 
bones may have an abnormally high ash content. On the other hand, 
ve^ rapid growth, especially after a ppriod of slow growth, tends to 
bring about a decrease in the ash content of both the diaphysis and the 
epiphyseal cartilage. It is quite probable that much of the variation 
among individual cliickens of the ash content of their leg bones is due 
largeljr to'differences in their rate of growth. 

It IS necessary, therefore, to consider the rate of growth of the 
chickens in any experimental or regulatory work with feeds in order 
that errors in the interpretation of results may not occur. Thus it 
is possible that a diet containing a cod-liver oil low in vitamin A 
might contain an inadequate supply of this vitamin. The chickens re¬ 
ceiving such a diet would tend to grow more slowly than others receiv¬ 
ing an adequate supply, and probably the percentage of ash in their 
bones would be higher than if their growth had been normal. 
Failure to take the growth rate into account would lead to the con¬ 
clusion that the antirachitic value of the oil under consideration was 
higher than was actually the case. 

The results of the present study indicate that, in most cases, when 
the birds are between the ages of 7 and 20 weeks, the ash content of 
the females’ bones with the cartilage retained is greater than that of 
the males’ bones. The X-ray shadowgraphs furnish evidence that 
this difference is due to an earlier calcification of the epiphyses of the 
bones of the females rather than to-a greater storage of minerals in 
preparation for egg production, as was suggested by Holmes, Pigott, 
and Moore (<?). Furthermore, the bones of the males, either with or 
without their cartilages, contain approximately the same proportion 
of ash at the age of 21) weeks as do those of the females. Moreover 
the greater weight of the bones of the males, as is evident from their 
greater body weight, indicates a larger total quantity of ash stored in 
their skeletons. 

Since the above-mentioned difference was found to be due to an 
earlier calcification of the cartilages^n the case of the females, it can 
be avoided in experimental studies by removing the epiphyseal 
cartilages frPm all bones to be ashed. Furthermore, if the epiphyseal 
cartilages are removed in preparing the samples, the writers’ results 
indicate, that it is unnecessary to consider the sex of the individual or 
its age, between the fifth or sixth and the twentieth week. The 
removal of the cartilages in the preparation of the bone for ashing 
makes the dissection of the bone easier and more accurate, for the 
cartilages can bo removed very readily with the flesh and periosteum. 
The accuracy of the dissection is an important point, for the writers 
have found, in unpublished work, that there is more danger of error 
resulting from faulty dissection than from any other step in the 
analytical technic. 

The objection may be raised that the diaphysis alone would not 
indicate the extent of the occurrence of rickets so well as would the 
diaphysis together with the epiphyseal cartilages, St. John, Kempf, 
ana Bond ( 9 ) found that between normal and rachitic chicks there 
■was a^greater difference in the a^ content of the epiphysed cartilig^ 
than m that of the diaphyses. Although this is true, it is also true 
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that after the first few weeks the epiphyses make up only a sjnall 
portion of the combined weight of the bone and cartilages and would, 
therefore, have less influence on the ash content of t)ie sample than 
would the diaphysis. The writers have found, in unpublished data, 
that the ash content of the diapliyses of bones obtained from rachitic 
chicks is almost as low as the ash content of the diaphysis and epiphy¬ 
ses combined. They coiu'lude, therefore, that it is entirely satis¬ 
factory to use the percentage of ash in the diaphyses of the leg bones 
as a measure of the extent of the development of rickets in thV chicken. 

The data obtained by the writers seem to indicate that the tibia 
would ordinarily be most satisfactory for determining the ash content 
of the leg bones of chickens reared under normal conditions. The 
ash content of the tibia agrees closely with that of the combined long 
bones of the leg, and the use of the tibia alone has the advantage of 
simplifying the analytical procedure. This bone has also been 
generally used in the work reported in the literature. 

SUMMARY AND CONCLUSIONS 

Two groups of chickens, one consisting of 350 Single-Comb White 
Leghorns and the other of 350 Rhode Island Reds, were reared on a 
grass range under normal conditions. The ash content of the mois¬ 
ture- and fat-free leg bones of representative individuals from each 
grou]) was determined each week during the first 20 weeks of their 
lives. Stages of calcification of the epiphyses in the leg bones of 
these birds were noted bv means of X-ray shadowgraphs. The 
contents of the calcium and inorganh* phosphorus of the blood serum 
and of the ash of the tibiae also were obtained. 

There was no significant change in the calcium content of the 
blood serum of the birds with increasing age, except for a marked 
increase in the case of the pullets just before they commenced to lay. 
After the fourteenth week there were marked changes in the inor¬ 
ganic ])hosphorus content of the blood serum, which were probably 
due in part to increasing age and in part to a change in the diet which 
was made at that time. 

The X-ray shadowgra[)hs indicated an earlier calcification of the 
epiphyses of the bones of the females than of the males and also an 
earlier.calcification of the epiphyses of the bones of the White Leg¬ 
horns than of the Rhode Island Reds. . 

There were no significant differences in the calcium and phpspliorus 
contents of the ash of the tibiae, nor was the difference significant 
between the sexes. The ratio of calcium to phosphorus in the ash 
of the tibiae was noticeably low on the day after hatching, after 
which it increased to approximately^ 2.0:1 in all cases. 

The ash content of the diaphysis of the long bones of the legs of 
chickens of both sexes tended to remain constant between the fifth 
and twentieth weeks. In general, the ash content of the diaphysis 
with its cartilages was higher in the case of the females than m th€f 
case of the males between the sixth or seventh and the eighteenth 
week, depending on the breed. 

It *is concluded that the tibia is the most satisfactory bone to use 
inLjtudying the effect of various diets and sources of vitamin D on the 
a^ content of the bones of chickens. It is recommended that the 
epiphyseAl cartilages, together with the periosteum, be removed in 
the preparation of the bone for ashing. 
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THE LETHAL EFFECT OF LOW TEMPERATURES ON THE 
VARIOUS STAGES OF THE CONFUSED FLOUR BEETLE 

By Roi If NAUFAt, af^Hislanl tu Hniomologtfy aiul Hauold II Shlpmid, 

rniomologisf, l)< parlnu nf of KnUniinUtgii and Economic Zoologg, Afnintsofa 
Agucnltmal Erpt nnu nt Station 

INTRODUCTION 

Kiitoiiiolojijists know tiiat stoml-product insects arc >not very 
resistant to low teiui)eratures. Refrigeration is employed commer¬ 
cially to ppvent insect damage. Ordinarily, insect activity is sus¬ 
pended in infested articles, or the infestation by insects is prevented 
in ^‘sterilizedgoods, llow^ever, low temperature is rarely used as 
the sterilizing agent in place of heat or a fumigant. 

As comj)ared with the attention paid to the elfect of high tempera¬ 
ture, but little investigation has been made of the lethal effect of low 
tmnperatures. It must be recognized that the cold resistance of 
different species of inserts may \ary widely, whereas the heat resist¬ 
ance varies only slightly. In order to obtain the most economical 
combination of the temj)erature and the length of exposure, actual 
data are necessary regarding the time required to kill a certain insecd 
species at any given low temperatures. 

Because the confused flour beetle {Tttholtum vonfusum Duval) is 
an insect with wdiich prepared food products are likely to become 
infested, it was selected for the study reported in this paper. The 
data presented are of particular interest also for their physiological 
significance. 

In applying tirne-temperature data to the eflVct of low temperatures 
on insects, it should be understood that allowance must be made for 
the time necessary to cool the insect-containing medium, as, for 
example, wheat flour. The measurement of the cooling (heat trans¬ 
fer) lime of standard volumes of various commercial products is a 
separate study whi(‘li will not be considered here. 


HISTORICAL REVIEW 


Most of the data available in the literature regarding the lethal 
effects of low temperatures on stored-prodiict insects are merely 
isolated observations, often presented without the time of exposure 
being reported. The first accurate measurement of the eflect of 
refrigeration on an insect was made by Ba(»k and Pembertoli (f, j^),^ 
who found it possible to kill the early stages of the Mediterranean 
fruit fly by cold storage. 

Although some data published relative to this subject are available 
for other stored-jmKluct insects, only one reference to the effect of 
low temperatures on TriboUvm conjunurn is known. Payne {S) says •, 
that normally it may recover from tejnperatures as low as - 14° C., 
but she makes no mention of the duration of the exposure. 


1 Received foi publication Jan 4, IM34, Issued Jul> 1934 Paper no 123r) of the Scientific Journal Senes 
of the Minnesota Agricultural Kxtieriment Station 
3 Reference is made by number (italic) to Literature C ited, p 1016 
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EXPERIMENTAL METHOD 

A Carrier air-conditioncd cabinet was employed in the experiments 
involving temperatures from 0° to —18° C. A variation of less than 
1° was obtained for the period of each experiment. For the experi¬ 
ments in which higher temperatures were used another type of cabinet 
was utilized in which the temperature varied only slightly over a 
period of several weeks. 

Tribolm/rn confusum were cultured in fine whole-wheat flour, about 
500 grams for each lot. The flour was sifted through a standard 
no. 6 silk bolting cloth (74 meshes to the linear inch). About 3,000 
adult beetles were placed in each lot. The cultures were covered 
with muslin and kept at a constant temperature of 27° C. Eggs 
were seldom allowed to a(*ciimulate more than 24 hours. 

All stages except the adults were exposed in small glass vials, 50 
individuals in each, with a few exceptions when 100 were so exposed. 
The eggs were counted under a binocular microscope, only those 
which were normally plump being used. The unstoppered vials with 
their contents were placed in the temperature cabinets. After ex¬ 
posure each vial was lightly stoppered with cotton or with cork 
stoppers having screen-covered holes. Adults were exposed in silk 
bolting-cloth cylinders. This })recaution was ne(*essary because pre¬ 
liminary tests had shown that the excited adults give off an odorifer¬ 
ous vapor. When confined with this gas they soon die, 95 percent 
being killed in 4 or 5 hours. 

During the earlier experiments exposed eggs without flour were 
placed in a cabinet and kept at a temperature of 27° C. During the 
liatching, results were noted daily, the young larvae being removed 
from the vials and discarded. Later tests showed that the results 
were the same if eggs, were allowed to incubate in about 2 grams of 
flour and the larvae counted 3 or 4 days after hatching began. The 
tedious work of noting results was thus greatly reduced. All other 
stages of the insect were treated in this manner. Check experiments 
of 50 individuals each were always included in each series. They 
were kept at 27° and their condition noted only after the observations 
on the exposed insects had been coiMpleted. 

All experiments at 7° C. were carried out in glass desiccators at 
three different relative humidities, viz. G.2 (7-nim saturation defi¬ 
ciency), 50, and 73.7 percent. With the exception of five experiments 
which v^ere made without moisture control, all experiments at 12° 
were carried out likewise in desiccators at relative humidities of 32.8 
(7-mm saturation deficiency), 50, and 73.7 percent. At both tem¬ 
peratures no difl*erences in the lethal effects at different humidities 
were observed, neither did there appear to be any difference in the 
results obtained from the experiments conducted outside the desic¬ 
cators. Accordingly, all the experiments at each of these tempera¬ 
tures were grouped without regard to moisture conditions. 

The peicentage of mortality in each case was calculated by Abbott's 

formula,(100), where x is the percentage survival in the check 

and y that in the exposed lot. In figure 1 are shown curves for eggs 
of ^re« 4 ge groups at 12° C. Fifty and 100 percent mortalities 
'estimated in ^1 eases from curves of this type. Each point in the 
curve diown is an average of the results of from 1 to 14 experiments. 
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each involving 50 individual insects. Although a few points. arc 
based on a single experiment, no curve is drawn tlirough less than 
eight points. 

INFLUENCE OF AGE ON COLD RESISTANCE OF EGGS 

* 

Davis (7), studying the effects of high and low temperatures upon 
the mosquito Aedes aegypti Linn., found that at -5.5° C., freshly 
laid eggs were slightly inore resistant than mature eggs, writers 

have found the same thing to be true for eggs of TriboHnjn confmam 
that liave been exposed to cldoropicrin. 

In order to study the effect of age on the resistance of eggs of 
Trihol/ium confusvm to low temperature, eggs were placed in six age 
groups, namely,, 1 to 24, 24 to 48, 48 to 72, 72 to 9(), 9() to 120, and 
120 to 132 hours old. At 27® the temperature at wdiich the sifted 
eggs were stored, those 132 hours old were nearly ready to hatch. 
Eggs in the different age groups were simultaneously exjjosed to low 



Fi«trRK I - Mortalit > of epgs of Tribolium coji/uitum of ditferent ape.s when o\i)()8efi to a fernix*raluroof 12® C. 


temperatures and otherwise treated as nearly alike as possible. In 
counting the survivors of these tests, only those larvae which previous 
experience showed to be able to complete their development were 
counted, (k^rtaiii larvae died after emerging partly from the egg. 
Others hatched in such a weakened condition that they also soon died. 
All such larvae were considered as having been killed in^the egg 
stage. The eggs set aside as checks showed from 78.38 to 90 percent 
survival as calculated from the number of young larvae hatched from 
them. 

Figure 1 shows the average results at each age-temperature 
combination. In table 1 is given a summary of tlie time required 
at the various temperatures to obtain 50 and 100 percent mortality. 
The latter figures do not possess, for comparative purposes, the pre¬ 
cision of the previous ones, but they are more useful in estimating 
time-temperature relations for insect control. Although eggs were 
separ|ttea into 6 age groups most of the experiments were confined 
to 3 ages^ namely, 1 to 24, 48 to 72, and 120 to 132 hours old. A few 
with e^s at other ages are given for the sake of showing the 
influence of the entire range of age on the lethal effects of temperature 
at-12“43. 
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Table 1. —Effect of low temperatures on eggs of Tribolium confuaum of different 
, agesy SO dnd 100 percent mortality being the basis of comparison 

AO PKKCKNT MORTALITY 


Nu^l^>e^ of hours of exposure recjulred to produce niortalily in ogKS of- 


M'omporiil,iir« (° C'.; 

Age 1 to 

Ago 24 to 

Agt* 48 to 1 

Ago 72 1.0 

Age 96 to 

Age 120 to 


24 h(iuri> 

4K hours 

72hoais 

96 hours 

12(1 hours 

132 hours 

12. ... 

IIK 


25K 



157 

7 - -- - - 

4:1 


214 



110 

0 - - - 

4. 7.*^ 

4.5 


11.25 



-4. 

1.5 

1.5 

3 5 

3 75 

2.75 


-6 . . - . 

.75 


3 25 



4 

-12. , 

.75 , 

1 5 j 

3.5 

6 , 

2 75 

1.5 

-12«.. , -. 

75 


.75 



1.25 

-18. .. ... 1 

.25! 


25 



. 25 


1(X) PERCENT MORTALITY 



12. _ 

288 


628 



312 

7 

216 


432 



288 

()-. _- 

18 

11.5 


I 16 

13.5 


-4. . 

9.25 

8.25 

7 5 

9.5 

8 25 


—0 

6 5 


8 



.13 

-12“. 

9.5 

9 5 

14 

12 

' ' ‘ 9.5 

6 

-18.-. 

1 


1 



1 


« The second series of experiments at -12° C. included fewer eggs for the determinations at 1 to 24 houri* 
and at 48 to 72 hours than in the first series at that temperature. 


The results show that in general the resistance of the eggs is probably 
greatest in the fourth age group which includes eggs 72 to 1)0 lunirs 
old. According to available einbryological data for Triholiuni 
confusum at this age, the embryos have just undergone doj'sal closure 
an^ the young larvae are becoming rather well fonned. It is known 
for insect embryos in general that their respiration is at a lower levt'l 
here than at other stages of their developn)ent. 

INFLUENCE OF AGE ON COLD RESISTANCE OF LARVAE 

For the purj)oses of the experiments with larva(*- of Tribolium coii- 
jumm tliree ago grou])s were selected. The first group consisted of 
unfed larvae 1 to 12 hours old, averaging 0 hours. The seironcl and 
third groups of about half-grown andi)f full-grown larvae, respectively, 
were raised on whole-wheat flour, frt)m eggs the age of which was 
known for each lot. Because larvae of the same age varied in size 
considerably under the culture conditions, a few third- and sixth-instar 
larvae were selected by the aid of the measurements ^iven by Cbaj>- 
naan (5) and by Brindley (3). Then by comparison it was possible 
to select with a fair degree of accuracy the larvae of these instars 
from the cultures in winch they predominated. Only active larvae 
able to resist jarring from a sheet of paper were used, thus eliminating 
those in the process of molting. 

The manner in which the larvae were handled was pactically the 
same as that for the eggs. Fifty individuals were used m each experi¬ 
ment. (^servations were made regularly 1 week after treatment. 
The groups of larvae set aside as checks showed 91.2 to 100 percent 
survival. 

In table 2 is summarized the time in hours required to obtain 50 and 
100 percent mortality for the three age groups of larvae at differenUr>.w 
*tmi|peratures. Thpse date indicate uiat the full-grown larvae are most 
resistant, although the difference is pronounced only at 7° i|p. 
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Larvae killed outright by freezing invariably Uirn black sDon 
afterward. Some others turn black in irregular areas. Many 
larvae wliich otherwise appeared normal were unalilo to void feces 
properly. In some cases long, sticklike strands protruded from the 
anus a distance equivalent to the Icngtli of the entire body. In full- 
growm larvae certain time-temperature (*ombinations produced rare 
winged freaks, examples of nietathetely.‘^ 

y 

Tablb: 2. —Ejjfed of low iernperatures on larvae of Tribolium confusinn at different 
stages of growth, oO and 100 percent moriahty being the basis of comparison 

50 PRKCENT MORTALITY 


Number of hours of exposure re¬ 
quired to produce mortality in 
larvae of— 


Tempprature {° r i ] 




1 

j 

( ' ' 1 

Age I to 12 

Third 

Sixth 


hours 

mstar 

mstar 

7 ..... 

184 4 

149 

197 


10 

9 

11.75 

-12 

42 


4S 

-IS. 

.IS 

.17 

17 

JOO PKKrKNT MORTALITY 



7. . 

I 2SH 

250 

52S 


IS 

10 

10 

-"12. 

1 75 

1 5 

1 

-IS. 

i 1 

1 ft 

.5 


EFFECT OF LOW TEMPERATURES ON PUPAE 

Pupae of only one age were selected. In general, the lighter-(*olored 
on<»s are youngest, and th<‘se were chosen for use in the tests, Each 
lot of treated j)upae was placed in about 2 grams of flour at 27° (\ 
Mortality was based on the percentage emergence of the adults. The 
groups of j)upae set aside as checks show'cd a high ])roi)oition of 
emergence, 96.82 to 100 percent. 

In table 3 are summarized the times in hours required to obtain 50 
and 100 per<‘ent mortality of pupae at different low temperatures. 
Resiilts.at 12° C, are not tabulated because exposures over a long time 
show^ed very little mortality. The keeping of 100 pupae at 12° for 
22 days resulted in only 4 dead specimens. No adults emerged during 
this long exposure. 


Table 3.— Effect of low temperatures on pupae of Tribolium confusum 


Tempern- 

Hours of exiM)sure required 
(o produce- ~ 

ture C ) 

fiO iiorixmt 
mortality 

100 percent 
mortal'ty 

7 

258 

482 

- 0 

.07 

10 

—12 

.68 

1 5 

•* IS ^ 

. 18 

.5 


(tf, p. tH) refers to Strickland’s study of parasitised Stmutiuin larvae in which Strickland 
fottxfffthat the action of the parasite prevented Uie wing histoblasts from developing norinally, the wing, 
padsfcbemg greatly retarded and reduceil. To this phenomenon, Strickland gaare the term “ metathetely ” 
(to run behlnj^completion). 
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EFFECT OF LOW TEMPERATURES ON ADULTS 

Adults Tangling in ago from 1 to 5 months were used, no attempt 
being made to'study the effect of age on their resistance to low tem¬ 
peratures. As the adults live a year or more, those used were young 
and vigorous. Treated adults "were kept under observation for a 
week or so without flour. Check groups of adults under these condi¬ 
tions showed 94.66 to 96 percent survival. 

In table 4 are summarized the times in hours remiired to obtain 50 
and 100 percent mortality of adults at different low temperatures. 
Exposures of adults at 12® C., as in the case of pupae at this tempera¬ 
ture, arc not tabulated. Some activity and little mortality of adults 
occurs at this temperature, groups being kept at different humidities 
for from 22 to 35 days without showing over 6 percent mortality. 

Tablk 4. —Effed of low temperatures on adults of Tribolium confusum 


Tempera- 

m 

Hours oi exposure retpiired 
to produco— 

fiO percent 
mortality 

100 percent 
mortality 

7 

3.16 

628 

- fi 

8 4 

24 

-12 

.23 

2 

-18 

15 

.6 


As mentioned before, it was necessary to place the adults for treat¬ 
ment in bolting-cloth cylinders to prevent accumulation of the toxic 
vapors given off by the excited beetles. Adults injured by low tem¬ 
perature also give off this vapor which, if the beetles are placed in 
flour, imparts a definitely pink color to that flour. Several series of 
experiments indicated -that the intensity of this color varied directly 
with the length of exposuie to low temperature. Chapman (6*) noted 
this color in flour and other materials, stating that the vapor is given 
off by beetles irritated mechanically. 

Adults not injured sufficiently to die as a result of their cold treat¬ 
ment were counted as survivors. It was found that survivors could 
usually be easily determined after a’Veek was allowed for recovery. 
In two instances adults exposed to “*-12? C. for 45 minutes were still 
alive after 45 days, but they were never able to crawl about. Ina¬ 
bility to void feces properly Was common among injured adults as in 
the case* of the larvae. Whenever the recoverv of an individual was 
in doubt, it was counted as a survivor. Some living adults, although 
more or less paralyzed after they had been exposed to —12® for 45 
minutes, proaiiced fertile eggs. Survivors of 6 hours exposure to 
— 6® produced many fertile eggs. Four hundred adults were kept in 
300 grams of flour at 12® for 29 days, but no eggs were laid at that 
temperature. Seveilal days after the removal of these adults from the 
Jow temperature 400 to 500 eggs were recovered, indicating that egg 
laying was normal after such a period of inactivity. 

RELATIVE RESISTANCE OF DIFFERENT STAGES 

n ' < 

Table 5 shows the time-temperature dosages required to kilf both 
and 100 percent of the different stages of the confused flour beetle. Vth 
the.ea^e of the eg^ and the larvae, several' ages of which were exposed 
to.low temperatures, the results for the most resistant ages are given. 
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Table 5.-~ Effect of low temper at urea tm the various stages of J'riholium confusam 
fiO and loo percent mortality being the basis of emnparison 


m PKKC'ENT MOHTAJJTY 



Stage 

• 

Numl)er of hours of exposure rotiuired fo produce mortality 
* at temiierature of 

7° (’ j 0® (’ j -0® r j -12® r. (\ 

r-gg. - .. 



214 11 2.*^ 

4 

3 f) 

0 25 

I^arva 

. 

__ 

1 197 _ 

11 7C 

4K 

IK 

Pupa_ 



I 25K .. . 

07 

03 

. 13 

Adult. 

. - 


330 . .... 

1 

S 4 

. 23 

ic 



JOO PKRt’ENT MORTALITY 




Kgg. 



1 432 1C 

14 

i ,4 1 

J 

Larva.. 



r»28 .. 

10 

i 1 7r) 1 

1 

Pupa,. 

... 


4.32 . ._ 

10 

! 1 0 1 

5 

Adult ... 

. 

- -- 

028 - . 

24 

i ' i 

5 


It is ap}3arent from the figures for 50 percent mortality that the 
adults are more resistant than the other stages at the moderately low 
temperature of 7® C. At -fi®, liowever, tlie larvae are about as 
hard to kill as the adults and at -12® the eggs are by far the most 
resistant. The pupae succumb more readily than the other stages. 

The figures for 100 percent mortality provide answers to the prac¬ 
tical questions of how low a temperature and how long an exposure is 
necessary to kill all stages of the confused (lour beetle. It is possible 
to kill every stage of the insect at 7® C. (44.6® F.) if held at that tem¬ 
perature for nearly 25 days (600 hours). Only 24 hours^ exposure is 
necessary if the temperature can be lowered to a little below —6® C. 
(21.2® F.). 

DISCUSSION 

In no previous instance apparently have the effects of low tempera¬ 
tures on insects been compared on the basis of 50 percent mortality. 
Carter H) compared the resistance of various stages of the bean 
weevil (Mylahris obtectuf^ Say) on the basis of 100-percent kill. All 
stages were killed only after several hours exposure to temperatures 
of “ 12*® to - 15® (\, whereas Triboliutn corfumim in every stage but 
the egg succumbs in 2 hours or less at*—12°. Robinson {9) deter¬ 
mined the resistatice of the rice and the granary weevils (Siiopkilus 
oryzae L. and S, granarim L.) to various low temperatures at intervals 
from their respective thresholds of activity to as low as -17.7®. 
From a comparison of his data with those given here for T. confumtn 
it appears that the latter species is nearly as susceptible to low tem¬ 
peratures as the rice weevil. Given the same low temperature in 
their environments, it is much easier to kill the confused flour beetle 
with cold than it is the granary weevil. Robinson reports that 
granarius requires 100 hours at —6.6® for a complete kill, Vhereas it 
has been shown here that all stages of T, confusum are killed at -6® 
in 24jiours. 

4 • SUMMARY 

•A study was made of the lethal effect of low temperatures on four, 
iita^es of the confused flour beetle (Tribolium coufulsum Duval)^gg, 
larval, p/pal, and adult. Data were obtained showing the niimber.of 
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hours of exposure recjuired to produce 50- and lOO-percent mortality, 
the temperatures ranging from 12® to —18® C. 

The eggs were placed in six groups according to age, 1 to 24, 24 to 
48, 48 to 72, 72 to 96, 96 to 120, and 120 to 182 hours. Resistance to 
cold was found to be greatest in the fourth age group, 72 to 96 hours. 

The larvae were placed in three age groups--unfed larvae 1 to 12 
hours old, half-grown, and full-grown larvae. The full-grown larvae 
were found to be the most resistant, although tlie difference was pro¬ 
nounced only at 7® C. 

The mortality of the pupae was based on the percentage of emer¬ 
gence of the adults. 

The adults ranged in age from 1 to 5 months, and those not injured 
sufficiently to die as a result of exposure to low temperatures wen*, 
counted as survivors. 

The figures for 50-percent mortality show that the adults were 
more resistant than the other stages at 7® C.; at - 6° the larvae were 
about as resistant as the adults; and at —12® the eggs were the most 
resistant. 

The figures for 100-pereent mortality show that all stages of the 
insect can be killed at 7® 0. if exposed at that tem])eraturc for 25 
days; but if the temperature is lowered to -6®, only 24 hours' ex¬ 
posure is necessary. 
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INCREASE OF KERNEL WEIGHT IN GSJMMON WHEAT 

DUE TO BLACK-POINT DISEASE ^ 

* 

By L. R. Waldkon 

Agrononmt {plant hreedit^g)^ Nonth Dakota Agricultural KxperivinU Station 

INTRODUCTION 


This paper deals mainly with the relative weights of l?ernels of 
wheat {Triticum vvtyare Vill.) showing the presence of ‘4)lack point 
and those free from this infection. The main study was made upon 
kernels from individual wheat plants from the F.*, population resulting 
from the cross Reward x ((Kota X Marquis) X Hope). Tlie wheat, 
grower! at Fargo in 1933, was ])lanted on May 5, which was about. 2 
weeks later than the earliest date available for ])lanting in the nursery 
where it was grown. 

A sample of the infected kernels was submitted to H. B. Humphrey, 
of the Bureau of Plant Industry, United States Department of Agri¬ 
culture. Dr. Humphrey reported that about one lialf of the kernels 
were infected with a strain of Alernariay while the remainder were 
clearly and positively infected with Ilelmluihth^ponum mtimin Pam., 
King, and Bak, Black point was much in evidence in a number of 
common wheats in 1933 in the nursery, the ])ercentage of infection 
varying decidedly with the breeding of the wheat and also, evidently, 
witli the time of planting. 

In previous reports upon black point, durum wheats have been 
held to be most commonly infected (Evans - and Weniger)'^ although 
the infection has not been at all rare upon common wheats. Weniger 
reports that HeJmintluh^porinm may produce different types of infec¬ 
tion. She mentions head blighting characterized by typical glume 
lesions and empty si)ikelets, the latter often o(^curring several in a 
group, or as individual empty spikelets (or llorets) in anj’^ portion of 
the head. In addition, the black-point type of infection is mentioned 
as occurring on the seeds, (liristensen ^ shows that //. mtivvin 
attacks diffei*ent parts of the wheat plant, producing various types of 
lesions. 

According to (Christensen the various llelminthosporium lesions 
in wheat or other plants result from repeated inoculations, and 
Stakman holds that the disease is not systemic.’^ Tlie lesions of black 
point must be induced then by local spore infection in tluf ovules. 
Evidently the time of infection, with regard to the stage of the ovule, 
and the circumstances attending the development of the fungus 
until the ripening of the seed, have not been closely studied. Henry 
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has'shown Uiat higl:^ temperatures are favorable for the development 
of Helminthosporiulh', and moisture conditions are of course important. 

EXPERIMENTAL WORK 

Wliile taking notes on samples of grain threshed from individual 
plants, the writer was struck by the apparent differences in the size of 
kernels from any one plant, depending on whether the kernels showed 
the presence of black point or whether they were free from the infec¬ 
tion. Certain of the plants had the weights in grams per 1,000 
kernels shown in table 1. 

Table I.— Weight of healthy wheat kernels and of kernels diseased with black point 


Plant no. 


48.12.247 . 

48.12.257 -. 

48.12 259 .. 

48.12.2ftS_ . . . 

48.12 298. 


Weight per thousand 
kernels-- 


Healthy 

Black- 

point 

(Jrarnx 

Ora nut 

27.1 

33 1 

30.7 

35 9 

20 2 

33 9 

30. 2 
32.2 

30. 1 
3ft 4 


The infected kernels in these instances weighed about 20 percent 
more than the kernels showing no infection. 

Of the plants in the group studied in detail, about one half were 
eliminated in the field because of sterile florets. The remaining plants 
showed a small amoynt of floret sterility, but with the exception of 
1 or 2 spikes, perhaps no more than miglit be expected in view of the 
extreme heat which had prevailed. 

Sixteen plants were used in the study of relative weights of kernels. 
TJie kernels were carefully removed from the spike and laid in order 
in depressions cut in paraffin blocks and then weighed to fifths of 
milligrams. The 16 plants had 63 spikes and 2,030 kernels. 

A cui*sorv examination suggested that the differences in kernel 
weight mignt be ascribed to a differential incidence of black point on 
the different kernels of the spikelet relative to position. Wl'iile the 
third keijnel of the spikelet, when present, showed lesions less commonly 
than the basal kernels, it became evident that this did not entirely 
explain the differences. 


Table 2. —Number and weight of black-point and healthy kernels found paired in 
the spikelet^ unpaired basal kernels^ and kernels of the third floret 


Ik 

Black>i>oint kernels 

Healthy kernels 

Excess 
weight of 
diseased 
over 
healthy 
kernels 

Item 

Number 

Average 
weight ! 

Numlier 

Average 

weight 

Paired..... 

344 

Milligram 

39,0=fc:0.17 

1,036 

Milligrams 

36,3rb0.13 

Mhltgrams 

2.7=b0.21 

Unpaired-.. 

Third floret... 

34 

36. Orb ,71 

101 

32.6=b .37 

2.6ifc ^ feo" 

19 

31. Orb .63 

406 

27.1db .20 

3.9=b . 68 

^otal or average. 

397 

1 38.3rb .18 

1,633 

33. 5± , 12 

•4.7± .22 


/ this value of 4.7 is simply the aifferenoe of the weighted means in columns 3 and 6. 
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The kernels, both those infected with black and the healtl\y 
ones, were placed in three categories. Kernels lound paired in the 
two basal florets comprised the major group; kernels of the third 
floret, the second group; and unpaired kernels of the basal florets, 
the third group. The number of kernels, and the average weight per 
kernel in each of the three classes, and the total weiglit, are given in 
table 2. 

The elimination of the kernels found in the unpaired and in the third 
florets reduces the average difference in weight per kernel from 4.7 to 

2.7 mg, but even tliis difference is highly significant as the odds are 
3.3 X 10^^ to 1 against the probability that a deviation as large as, or 
larger than, the one indicated could have arisen from random sam¬ 
pling. In the comparison shown in table 2, of the kernels of the third 
floret, the kernels of the basal spikelet which were significantly below 
the average in weight and were not infected, are included. Omitting 
the kernels of the basal spikelet, tlie difference in weight is still 

3.7 i-O.fifi mg. The difference in weight in the un])aired basal kernels 
is 2.5 ±0,8 mg and is significant. Considering the Ifi plants indi¬ 
vidually, the black-point kernels of 15 of the plants were the heavier, 
and the difference was significant in 9 of the 15 cases. In the excep¬ 
tional case the healthy kernels had the greater weight, but the differ¬ 
ence was not significant. 

STUDY OF KEHNEL WEIGHT ALONG THE SCIKE 

In studying the paired kernels attention was given to the disposition 
of the black-point and healthy kernels along the spike. The results 
for the 10 plants are summarized in table 3. 


Table *6.-—Di8lnbulion along the spike of black-point and healthy kernels, in pairs, 
the differences in kernel weight and percentage distribution of kernel weight 




Bluck-point 



Healthy 







... . 

— 

— 

— 

-- 

-- . 

— 

Dillerences in 

1 

S]>ikele( no 




Dhstri- 




Distri- 

weight between 

1 Health.N 



Kernel 

bution 



Kernel 

bution 

(Iisea.sed and 

' kernels 


Kernels 

weight iier 

of ker* 

Kernels 

weight per 

ofker- 

healthy kernels 





spikelet 

nel 



spikelet 

nel 




. 




weight 




weight 





Num- 

Prr- 


Pet’ 

Num- 

Per- 

• 

Pei- 


Per- 



her 

cent 

SHlHgraim 

cent 

her 

cent 

MiliifframK 

cent 

AtilUgrn ms 

C4nt 

Percent 

1 . . 

27 

7 9 

35 7±0, 55 

7 2 

145 

14.0 

32 9A0 30 

12 7 

2 9± 01 

-5 5 

84 4 

2 

/)2 

15 1 

40 li 33 

15 5 

150 

15 1 

37 3j 20 

15 5 

2 8rb . 12 

0 

75 0 

3 _ . 

01 

17 7 

40 0± . 33 

IK 5 

157 

15 1 

39 2dr 20 

10 4 

1 4i 42 

2 1 

72 1 

4 

70 

21.8 

41. Oi: .20 

23.0 

151 

14 0 

38.8cfc 27 

15 0 

2 2:± 38 

7.4 

00. 9 

.^1 

OH 

19 8 

30 3± 33 

19 9 

I4K 

14 3 

38. Orb . 33 

15 0 

1.4.± 47 

4 9 

08 5 

2 - - 

3W 

11 3 

35 A± 01 

10 3 

155 

15 0 

34 9rb 34 

14 4 

5+ 70 

-4 1 

79 51 

7 

10 

4 7 

35.2dtl 20 

4 2 

88 

K 5 

32 3=b 44 

7 0 

2 9rbl 34 

--3 4 

84.0 

8 ... . 

0 

1.7 

31 7±\ 48 

1.4 

32 

3 1 

29 Irb .77 

2.5 

2 0±1 07 

-1 1 

84 2 

« 

0 

.0 

.0 _ 

.0 

4 

4 

34 2 

4 


_ 4 

ItK). 0 

Total or 












average- 

344 

100.0 

39.0=b 17 

100.0 

1,030 

100.1 

30 2± 13 

100. 1 

2 8d= 21 




! * 


Fronj spikelet 1 (basal) to 6 the percentage distribution of the 
healthy ^kernels approacnes-uniformity, varying but 1.1 percent, while 
the..di8tribution of black-point kernels over the same spikelets shows 
a' {^ange of 13.9 percent. The higher percentages for black-point 
kernels ^e found in the center of the spike, and il is there that* the 
heavier Wealthy as well as black-point kernels are found. The aver- 
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age weights per -kernel for each spikelct are multiplied by the cor¬ 
responding percentage distributions, and these results, for the two 
groups, reduced to percentages, are found in colunins 5 and 9. When 
the paired kernels in the two basal florets are studied, it is found that 
the heavier kernels are those which carry the greater amount of black 
point. The net results of this difference in weight are indicated in 
column 10. 

The middle kernels of the spike are fertilized first, but the total time 
for blooming was quite certainly not over 3 days, as the weather was 
hot and dry. This earlier fertflization may have been responsible in 
part for a better nutrition of the central kernels and their consciiuent 
greater weight. The fungus may have found easier access to the 
ovules receiving the better nutrition. The time element may have 
been a factor influencing the place of infection on the spike, but it is 
doubtful whether the entire difference in weight can be attributed to 
this difference in time of infection. 

It is seen in table 3 that differences hi weight between the black- 
point and healthy kernels are found regularly in each spikelet. \Mien 
the probable errors were calculated the differences w'cre found to be sta¬ 
tistically significant in the five lower spikelets. The few black-point 
kernels in 2 of the 3 upper spikelets resulted in probable errors too 
largo for the differences to be significant although the absolute dif¬ 
ferences are relatively large. The sixth spikelet showed a small 
difference in weight in favor of the black-point kcraels. The differ¬ 
ences in the standard deviations are very generally contrary to those 
of the means, in that the distributions of the healthy kernels show 
greater variability than do those of the black-point kernels. The 
coefficients of variabiUty of the two series, black point and healthy, for 
the eight spikelets are shown in table 4. 

Table 4. —Coefficients of variability of weights of the basal j>air of kernels in the two 
groups, black point and healthy 


1 

spikelet 

no. 

Coefficient of variability 

I3pikelet 
** no. 

Coefficient of variability 

Black-point 

kernels 

Jleallhy 

kernels 

Diflferenoe 

Black-iM)int 

kernels 

Healthy 

kernels 

Difference 

1 

J . 

2 .- . 

« . 

4_ 

11 70±l 11 

8 6fi± . 68 
f9.32db 67 
.45 

16 44:t 67 1 
12 49 ' 

12.24± 46 1 
12.46^: 49 1 

4 7^d:l.»0 
4.03=k .76 
2.92± 73 

4 38i: 67 

5.__ . 

6 _ 

7 _ , 

8 . .. 

10.27dr .60 
15 80±1 26 
20 63:±:2. 56 
16. 42±3 36 

16.93dr. 64 
17.92±,7l 
18.67d=.99 
2l.90=t.97 1 

5 66± 88 
2 I2=hl 44 

-1 96±2 76 

6 48±3. 51 


In spikelets 1 to 5 the distribution of the healthy kernels has a 
variability significantly greater than that of the black-point kernels. 
If the two series of distributions are merged so that the distribution of 
the total healthy can be compared with the distribution of the total 
black point it becomes evident where the greater variabiUty of the 
nealthy-k^mel series originates. Tlie two distributions expressed in 
percentages are shown in table 5. 

The sums of the positive and negative differences are necesgarily 
equal. The healthy kernels show an exc^s of variates in the lower 
weight clasMs. This is suggested by the two means (table 2). The 
exc^-of distribution of the healthy kernels extends over 11 of the 
lower weight and 1 of the higher weight classes, while the coifespond- 
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ing deficiency is confined to (i clussos in the higher ranges. Skewness 
is negative m i)otli cases but more pronouncc?i'<ffi the case of the 
iiealthy kernels. The greater variability shown in. table 5 in the 
healthy kernels characterizes most of the spikclets and especially 
those which have the greater numbers of kernels. 


Table 6. —Percmtages of healthy and hlack-poini kernels in the various weight 

classes 


Pem*ulttkM‘ t)f kernels in weight eliuss indieatetl 


Item 

lli l() 17 

IS to lU 

2(Ho21 

22 to 2:1 

2410 23 

20 to 27 

2Sto20 

31) to 31 

32 to 33 

34 to 3.') 


nip 

nip 

iiip 

nip 

nip 

nip 

nip 

nip 

nip 

nip 

Healthy kernels 

0 4 

0 n 

1 2 

1 5 

2 4 

4 0 

4 1 

1) 7 

H 0 

11 1 

Hlack-point kernels 

! 

1 

0 

0 1 

() 

() 

1 7 i 

4 f> 

4 1 


Difference. 

i 

; . J 

.3 ! 

! 

L 2 

1 ! 

- 1 

1 h , 

i 

, 1 H 

1 

3 4 

2 4 

2 1 

3 W 

1 3.3 

i___ 


Pereentape nf kernels in weight class indicated 


Item 

1 ■ 

1 3 (i to 37 

3 Sto 39 

■ 

40 to 41 

42 to 43 

44 to 45 

40 to 47 

4 SIO 40 

.5010 51 


.. ! 

nip 

nip 

nip 

nip 

inp 

nip 

mp 

ileulth.N kernels . 

I 12 3 i 

' 

1 13 7 

15 5 

« 0 

0 2 

. 

2 4 

0 8 

0 2 

IllMck-tioint kernels .. 

-i u 1 

IS 0 

20 . 1 

15 1 

10 2 

4 1 

j .0 

.0 

Difference, . _ 

i' -‘i 

1 J 

i ”4 3 

-4 « 

! -0 I 

"iTo 

- 1.7 

1 

! ^ 

1 


A study was made of tlie kernel weight of the first and second ker¬ 
nels per spikelet of spikes with nearly or quite healthy kernels. It 
was not evident that the lower kernel dift*ered in weight from the ker¬ 
nel standing second in position. It follows, then, that the differen¬ 
tiation in w^eight of kernel with respect to incidence of black point 
upon the two lower kernels per spikelet is not due to the position of 
the kernel in the spikelet, associated with normal weight differences. 

In any plant, on an average, the black-point kernels are heavier 
than those evidently free from disease. In part this weight difference 
may be ascribed to kernel position. Certain kernels of the spike are 
so located that their weight is decidedly less than that of kernels 
differehtl}^ located. There is a differential in incidence of disease 
with regard to these two kernel groups. Thus weight differences of 
healthy and diseased kernels may be ascribed to weight differential 
due to locality in the spike, combined with a differential of disease 
incidence. But beyond this, between healthy and diseased kernels, 
weight differences arc found which are not due to location in the spikt^ 
as is showm in table 2. Finally, a comparison, or series of compari¬ 
sons, is to be found in the paired kernels of the basal florets of each * 
spikelet. In each of the eight spikelets, the black-point kernels arc 
tlie heavier (table 3). In these instances, also, the heavier weight of 
the black-point kernels is not due to any deviation from the normal 
i n kernel size in conjunction with differences in incidence of disease. 

The’question arises whether the normally larger kernels of the spike 
w^eye attacked by Helmwthmporium (and Alternaria) or whether, when 
the young kernels of a group of potentially the same mature size were 
attacked, such kernels were somehow stimulated to develop a larger 
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amount of endoipenji' than if no infection had taken place. It 
appears that "both tors are responsible for the greater weight of the 
black-point kernels in the spike and in the plant. 

CORRELATION RESULTS 

It was possible to calculate correlation coefficients between percent¬ 
ages of black point and yield in the 1933 crop. In one instance a con¬ 
siderable number of yields were calculated from 5-foot rows. These 
rows were planted with Fj selections from the cross Ceres X Hope- 
Florence; a single mother plant seeded one row. The stands of grain 
varied more or less; before harvest, notes were taken on the stand, 
and the yields were corrected to a uniform stand. The errors in¬ 
volved in this correction were thought to be less than those which 
would arise from uncorrected yields. Countings were made on the 
threshed samples of the frequency of the. occurrence of black point 
and the percentages estimated. The weight per 1,000 kernels was 
also determined. The means and the standard deviations of these 
three characters calculated from 267 variates are shown in table 6. 


Table 6 . —Correlations “ between yield of ivheatf weight of black-point kernels^ and 
percentage of black-point kernels in the h9S3 crop 


Item 

Yield iier 
acre 

Weight of 
1,000 
kernels 

Black- 

point 

kernels 

ndard deviation.. . . . . 

34.45st0.31 

7. r)7± . 22 

Groww 

1 37 14:tO.W 
2 .00± ,00 

Permit 

21 08ri:0.4H 
ll.«3± .34 


« The 3 correlation coefficients calculated were Black point and yield, 0 22=fc0.04; yield and l,0(X)-ker* 
nel weight, 0.32±0.()4; black polntUnd LOOO-kernel weight, 0.17=k;0.04. 


None of these coefficients is very high, but the first one, which 
perhaps is of greatest interest, is about five times the probable error. 
Evidently there is a positive relationship between the presence of the 
infection and the yield, as secured. When the weight per 1,000 
kernels is held constant the partial correlation between yield and black 
point is 0.18 ± 0.04. This still shows some significance. 

In the cross first mentioned in this paper it was possible to calculate 
sorrelations similar to those feiven, except that weight of grain per 
plimt was. used instead of yield. The cdefficients are as follows: 

Black point and grain yield per plant____ — 0. 09±0. 04 

Yield per plant and 1,000-kernel weight.....27± . 04 

Black point and 1,000-kernel weight...32 ± .03 

When the weight per 1,000 kernels is held constant the correlation 
between black point and grain yield per plant becomes essentially 
aero. The total correlation between these characters is negative but 
ttot significant. Correlation of fairly high simificance is shown be¬ 
tween black point and 1,000-kernel weight. This is in keeping with 
the results shown in the earlier partnf this paper. 

> As the endosperm in a nomal kernel of wheat comprises about 8^ percent at the total wetebt It is fair 
to PTMume thAt the excess weigfbt of the diseased kernels would be distributed mainly to the radosperm. 
The black-point kernels appeared to be normal In shape. Any contribution to the greater weight of the 
black-point kernels made by the substance of the invading organism must have been negligible. 
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DISCUSSION 

More exact studies as to the causal relationshipSTwith regard to the 
various external factors are greatly desired. Jt is known that the 
epidemic of black point in 1933 was associated with high teini)eratures 
and low seasonal moisture conditions. The wheats studied, started 
heading about June 22, and blossoming Avas probably well under way 
by June 25. A comparison of temperatures and rainfall for the last 5 
days of June and the iirst 15 days of July are shown in table 7. 


Tablk 7. -Tern pvr at urea and precipitation for the last o days of ,J one and the first I ft 

days of July 1,9 


I tein 

J une 26 -30 | 

July 1 r* 

July (V 10 

July ti-ir, 

'I'otal 

Temperature 

AveraBe daily mean . 

Normal.. 

o jr 

7!) 

67 

o y 

7f> 

68 

o y 

73 

67 

" F 

74 

67 

.. . 

Excess in iyJt3 _ . 

s 


6 

7 

- 

I’reci pit alum 

Total in 19.‘«. 

Normal ... .. 

I hichen 
' 1 6.') 1 
1 86 1 

I 1 

InchtH 

0 

1 ' 

J lichen 

! 51 

! ' 

Inchen 

17 

.•59 

Inches 

2 63 
2 69 

« Data are from the official iecor<Ls of the United States Weather Bureau The normal values of i»re~ 
(‘iiatation were taken from the Monthly Weather Review, Vol. .W, Siippl No 34, p .W, May 193(1. 


The daily temperatures were greatly in excess of the noi'inal for the 
whole 20 days and particularly during tlie last 5 days of June. The 
season was unusually dry, but from June 2t) to 30, 1.05 indies was 
recorded, which was decidedly in excess of the expe(‘ted amount for 
the 5-day period. Thus for a short period, in the early life of the 
wheat seed, conditions of high temiierature and high rainfall obtained. 
It is quite unknown, of course, whether the weather conditions varied 
in such a manner during the period of infection as to account for the 
differences in inciden(*e of black point which were shown to exist 
between basal kernels and kernels of the third floret and also between 
the mid-spike kernels and those near the base and near the tip of the 
spike. It is not conceivable that any differentiation in weight due 
to position could be brought about within a single spikelet or in the 
third-floret kernels within the spike, as was the case in several 
instances. 

On the other hand there seems to be no report in the literature that 
a seed infected by a fungus is stimulated, and conse(j[uently iiM‘reases in 
growth. If stimulation resulted in this case, an increased amount of 
endosperm must have been laid down, but there seems to be little or 
no information as to any causal relationship which might have 
brought this about. 

SUMMARY 

A heavy infection of black point, caused largely by Helminiho- 
sporium sativum Pam., King, and Bak,, was found on various commoA 
wheats at Fargo in 1933. On any one plant, in the hybrids studied, 
the black-point kpnielg generally were definitely heavier than the 
kernolSishowing no evidences of infection. 

This difference in weight can be ascribed in part to a difference in 
infection of kernels differing normally in size bec.ause of position in 
the spike. Third-floret kernels and end-spike keniels carried' less 
infection than the heavier mid-spike kernels. 
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Within any kernel eroup of the spike, such as the third-floret group, 
the black-poitit k'ftiafis were significantly heavier than the noninfected 
kernels. The pbvious conclusion seems to be that a portion of the 
weight differences results from a stimulation of the development of 
the endosperm following the entrance of the fungus into the develop¬ 
ing ovule. 

Tn one experiment, a coefTicient of correlation of 0.22 ± 0.04 was 
found between the percentage of black point and the yield in 5-foot 
rows and‘a coefficient of 0.32 ±0.04 was found between black point 
and weight of 1,000 kernels. In a study of individual plants resulting 
from a different cross, a correlation of —0.09 ±0.04 was secured 
between the percentage of black point and the weight of the grain per 
plant and a correlation of 0.32 ± 0.03 was obtained between percentage 
of black point and the weight per 1,000 kernels. 



A STATISTICAL STUDY OF THE RELATIONSHIPS 
BETWEEN THE CONSTITUENTS OE MILK ‘ 

By Alex Black and LeRoy Voris, assistants in animal nutrition^ Institute of 
Animal Nutritioiif Pennsylvania State College 

INTRODUCTION 


The quantitative relationships of the fat, protein, total solids, and 
solids not fat in cow’s milk have been extensively investigjated by 
Overman, Sanmann, and Wright (f5),Hiaincs (6'), CVanlield, flriffiths, 
and Ling 5), and others. The purpose of this study is to (*ontrib¬ 
ute further to the subject in general, but especially to extend the con¬ 
sideration in to, the field of the inorganic constituents, which have 
received cojnparatively little attention. 

Many studies of the relations existing between the different con¬ 
stituents of milk have been undertaken from the commercial point of 
view, especially with reference to the detection of adulteration, the 
establishment of legal standards, and the enrichment of milk, partic¬ 
ularly in fat; and other studies have been made on the origin of the 
various constituents of milk, the methods of their secretion, the 
factors affecting their elaboration, and the interrelationship of these 
constituents. In the present study, which is statistical in method, 
the inunediate objective has been to discover relationships of con¬ 
stituents which might subsecpiently be subjected to intensive inves¬ 
tigation fj’om the physiological point of view'. 

The data on which this paper is based were obtained from analyses of 
the milk of 12 Holstein-Friesian cows during an entire period of lacta¬ 
tion. The animals were maintained under uniform conditions of care 
and feeding, without pasture, and were kept indoors, except for 
short daily periods of controlled exercise. 

In relation to feeding treatment the cows were divided into two 
groups, one of which received timothy hay, corn silage, and concen¬ 
trate mixture; the otlier, alfalfa hay, corn silage, and concentrate 
mixture. The protein content of the rations of the tw^o groups was 
approximately equalized by varying the comiiosilion of the concen¬ 
trates. Within both of the groups 2 (‘ows were given a supplement of 
pulverized limestone, 2 a supplement of commercial bone meal, while 
2 received no mineral supplement. 

No evidence w^as found that the composition of the ratioiiii affected 
the composition of the milk in any characteristic manner. The analy¬ 
ses of the milk, therefore, were combined into a single group for the 
present study. 

The usual seasonal variation in the composition of milk, dependent 
on changes in the ration, was not brought out by the method employed 
in this investiption, but the changes in the composition of milk 
which occur with the progress of Jactation were observed, and these 
contributed to the statistical constants determined. 
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The'relationships refiorted are those of fat, energy, protein, total 
solids, solids'noNai^i lactose, ash, calcium, phosphorus, magnesium, 
chlorine, sodiupi, and potassium. 

EXPERIMENTAL METHODS 

The data treated represent 134 samples of milk which were, in 
CTeater part, composites of aliquots of each milking for 28-day periods. 
The time*of calving, or of the end of the period of lactation, however, 
made certain of the milk-sampling periods shorter than the usual 28 

The method of preserving the milk, and the methods and results of 
the determinations of energy, fat, protein, total solids, and solids not 
fat, have been reported in a previous publication by ICahlenberg and 
Voris { 10 ). 

Ash, sodium, and potassium were determined by the official methods 
of the Association of Official Agricultural Chemists { 2 ). 

Calcium and magnesium were determined by the McCrudden 
method { 11 , 12 ), combined with the filtration and titration technic 
suggested by Halverson and Schulz (8). 

Phosphorus was determined gravimetrically by the Ncuinajui- 
Pemberton wet combustion method { 15 ). 

Chlorine was determined by the official method of the Association of 
Official Agricultural Chemists { 2 ) excejjt that 0.05 normal silver 
nitrate solution and 0.03 normal potassium thiocyanate were used 
instead of 0.1 normal silver nitrate and potassium thiocyanate as 
specified. 

The percentage of lactose was obtained by subtracting the sum of 
the percentages of ash and protein from the percentage of solids not 
fat. 

The statistical methods were, in general, standard procedures, in the 
form used by Harris and Benedict { 9 ), with supplementary use of 
Pearson’s tables { 14 ). 

PRESENTATION OF DATA AND DISCUSSION OF RESULTS 

Table 1 summarizes the analytical data arranged in the order of 
increasing percentage of fat, by giving tixe mean percentage of each 
constituent corresponding to intervals of 0.2 percent in the mean fat 
content. The means, standard deviations, and coefficients of varia¬ 
tion, wifn their respective probable errors, are given in table 2; the 
coefficients of correlation betweon the milk constituents arc recorded 
in table 3; and the correlation coefficients are arranged with respect to 
magmtude and statistical significance, in the form of a frequency 
distribution, in figure 1. 

VARIABILITY 

It has been generally conceded in discussions of the composition of 
inilk that 'fat is one of the most variable, if not the most variable, 
constituent. However, the individual inorganic constituents have not 
generally been taken into account—the ash us,ually .being considered as 
a aii^le ingredient—Mid the samples of milt have not usually been 
obtained from animals under conditions of experimental control. • , ' 
. ‘ Tbe.co6fficiente,of variation m table 2 ^ow that the sodium, the 
chloHne, and the magnesium content of milk varies much more than 
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does the fat, and that protein varies as much as does fat. It may be 
that the fat content of milk is more easily afl‘e(*ted LyiSisturbing condi¬ 
tions than is the protein content, and that under the uniform condi¬ 
tions maintained throughout this experiment fat was less variable than 
it is under ordinary feeding practices. 
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FUfi RK 1 --Distribuliou of com'liition ooofficienls bef^^oen quaiilitu*s of imik constituents fat, E, 
energy; f*, protein, S, total solids, 'f\ solKls not fat. //, lactose, .1, ash; ( calciiirn; li, phosphorus; M, 
niaRiie.siuni; -V, chlorine, N,.sodium, and K, potassmin. 


Tablic }Sutnmarij of auali/lica I doUi^ gif>ing overage perrentages of each milk 
comUlucni irlien oivan fat eonieni is aranged in 0,J percent claxtiis 


Flit ranpe (perconl) 

Samples 

! 

i 

Fat j 

1 

Nitrogen 

Protein 

Total 

solids 

Solids 
not fat 

Energy 
per gram 

Lactose 


! Number 

I*ercent 

Percent 

Percent 

Percent 

1 Perctnt 

i 'nlorm 

Percent 

2.W)to2 7« . - ! 

1 0 

\ 2 70 1 

0 424 

2.71 

10 8.5 

8 15 

m 

4 71 

2.80 to 2 99 . . . 

I 13 

2 93 1 

.4:14 

2 77 

11 37 

8 44 

615 

4 9.3 

3.00 to 3.19 . 

i 26 

3 10 

1 447 

2 85 

11.79 

8 69 

643 

.5.12 

3.20to3;^9 

34 

3 29 

! . 470 1 

3 IK) 

12 08 

8 79 

6(i6 

.5.06 

3.40 to 3.59. 

13 

3 46 

! 498 

3 25 

12 46 

9 00 

690 

h. 01 

3.«0 to 3 79.... 

IS 

3 72 

.510 

3.31 

12 68 

8 96 

716 : 

4 93 

3.80 to 3.99 . 

10 

3 89 

. .513 

3 27 

12 98 

9 09 

732 

5 05 

4 00 to 4.19 .. 

7 

4 09 

569 

3 63 

13 49 

9 40 

774 ! 

5 01 

4 20 to 4.39. - 

1 

4 25 

.571 1 

1 3 65 

13 93 

9 68 

793 ! 

5 24 

4.40 to 4.00 . 

4 , 

1 

4 50 

.600 

3 m 

14 40 

9 90 

825 

5 26 

Fat rang^ (l)ercent) 

Samples 

Ash 

Sodium 

1 Potas¬ 
sium 

ralcium 

1 Magne¬ 
sium 

Phos¬ 

phorus 

Chlor¬ 

ine 


Ninnher 

Pei cent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

2 60 to 2.79. 

6 

0. 742 

0 081 

0 143 

0.094 

0.013 

0 085 

0 132 

2.80 to 2.99. 

13 

.741 

.06:1 

. 146 

.10.3 

.012 

091 

.110 

3.00 to 3.19.- 

26 

.737 

.054 

. 149 

106 

012 

.093 

.100 

3.20 to 3.39. 

34 

.743 

.05.5 

143 

. 109 

. 013 

094 

. 108 

3.40 to 3.59. 

13 i 

.770 

.076 

.140 

116 

.013 

.097 

.117 

3.60 to 3.79. 

18 

. 775 

058 

. 128 

121 

.013 

.097 

.109 

3.80 to 3.99.! 

10 

.7<18 

.068 

.144 

. 115 

.015 

101 

.098 

4.00 to 4.19.- 

7 

768 

.059 

. 126 

. 123 

.014 

. 095 

.110 

4.20 to 4.39 , 

3 

.790 

.082 

.121 

. 130 

016 

105 

.109 

4.40 to 4.60. 

4 

.810 

.066 

. 139 

. 128 

.019 

.111 

. 095 


Among the individual inorganic constituents, sodium seems to be 
the njost variable. . Thii* may be only apparent, the variability of the 
data being due in part to difBoulties encountered in analysis; but 
cbldrine, with wWcb sodium shows the closest correlation, and wWcb 
is Aot particularly difficult to determine, also shows a variability 
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strikingly great^ than that of any of the other constituents except 
magnesium.Tliftiraore, inasmuch as sodium and cldorine are 
largely in combination with each other, sodium chloride is presumably 
the most variable constituent of milk. Possible explanations of 
this variability are suggested in the, discussion of the correlation 
coefficients. 


Table 2. —Mmw.s, nfandard deviationny and roefficiejiim of variation of conHiitveniR 
*' of milk 


( onhtituent 


Protein 

1 olal solids 

Solids not fat 

Energy 

Lactose 

Ash 

Sodium 

Potaswuin 

Calcium 

Magnesium 

Phosphorus 

Chlorine 


Means 


3 4096dr() 024'> 
1 0770=t 0224 
12 2713d= 0481 
8 8619i: 0277 
680 075 -hi 2»0 
5 0274± 0181 
7M7± 0024 
0676± OOU 
1392-t 0010 
J117± m)7 
0131db 0002 
0051+ 0005 
1077=1- OOH 


Standaid 

de\iaUons 


0 4207+0 017‘1 
3838+ 0158 
8250 + 0H4t> 
4752+ 019t> 
56 61 +2 U2 
3108+ 0128 
0420+ (X)17 
0184+ 0008 
0172+ 0007 
0117+ 0(K)5 
0010+ 0001 
m0± (KM)4 

0216+ wm 


(''oeflicients 
of \ ariation 


12 14+0 52 
12 47+ 52 
6 72+ 28 

5 1(>+ 22 

8 32+ 15 

6 18+ 20 
5 57+ 23 

11 04+1 44 

12 16+ 52 
10 47+ 44 
22 90+ 99 

9 46+ 19 

20 0f>-l 86 


Table 3. —Coeffirients of correlation between quantities of milk constituenis 


Constituent 


Fat and— 

Energy. 

Total solids. 

Protein. 

Solids not fat. ... 

Calcium. 

Magnesium. . .. 
Phosphorus. 

Ash._. 

Lactose. 

Sodium. ... 

Chlorine. 

Potassium_ 

Energy and— 

Total solids.. 

Fat. 

Solids not fat.__ 

Protein.. . ... 

Calcium. 

Magnesium. 

Phosphorus.. 

Ash.,--.* . . . .. 

Lactose.. 

Sodium. 

Chlorine. 

Potassium_ .. 

Protein and— 

Total solids.... .. 

Energy. 

Solids not fat. 

Calcium .. . ... 

Fat.-. 

ASh. 

Phosphorus.. 

* Magnesiunv-. 

Chlorine. 

Sodium. 

Lactose. 

Potassium. 

Total solids and' ~ 

Energy,.. 

Solids not fat... 

iTttf 

.. 

' Msfiieslum.. ....... 


(V)rrelation r 

("Constituent 


Total solids and - Continued 

0.9.502+0.0057 

Phosphorus 

.9076+ .0103 

Ash. 

7000+ .0297 

Lactose . 

. mn± . 0.30(5 

Sodium -. 

.6646+ .0326 

(Tilorine. 

.4690+ .0466 

Pota.S8iuin 

.4166+ .0482 

Solids not fat and 

.3823+ .0498 

Total solids . - . 

. 1264+ . 0.573 

Energy.... 

-.1027+ .0576 

Protein. . 

- 1194+ .0,574 

Calcium_ 

-.2242+ .0563 

Fat. 


Magnesium 

.9817+ .0021 

^ Phosphorus. 

. 9602+ . 0057 

l,actose . 

.856.5+ .0156 

Ash - . 

.8101+ .0200 

Sodium 

. 7698+ . 0237 

Chlorine.. 

.6612+ .0399 

Potassium . 

. 4787+ . 0449 

Lactose and - 

.4126+ .0484 

Solids not fat... . . . 

. . 2491+ . 0647 

Total solids. 

-.1201+ .0674 

Magnesium. 

-.1462+ .0670 

Phosphorus. 

-.3262+ .0621 

Energy. 


Potassium. 

.8760+ .0136 

Calcium_ . . . 

,8101+ .0200 

Fat. 

.7868+ .0222 

Protein. 

.7728+ .0286 

Ash-*.. 

.7000+ .0297 

Sodium.. . 

.6194+ .0369 

Chlorine. 

.4364+.0472 

Ash and- 

.4262+ .0477 

Calolum . ..- 

.2197+ .0565 

Protein.. 

.1446+.0571 

Magnesium _____ 

-.1134+. 0575 

Sodium. 

-.4934+ ,0441 

Chlorine-^,..,. .. 

Emirgy ^ . _ , 

.9817+ .0021 

Tot^aoWds.... 

, .9382+*.0070 

Fat^... 

.9076+.0103 

Phospijorus.... 

^8760+ ,0186 

Solids not fat..*. 

.7798+.0229 

Potassium.. 

,6803+.0380 

Ldctoae. 


Correlation r 


0 5448+0 0410 
:i84:i+ .0497 
3fWi7+ 0504 
~ 1555+ 0669 
-.2(XH+ 0558 
~.29:i2+ 05:i;i 


.9382+ .(X)70 
.8565+ .0155 
. 7868+ . 0222 
.7670+ .0240 
.(t885± .OiXXi 
.6083+ .0367 
.5813+ .0;i86 
.5320+ .0418 
,m2± .0617 
-.1777+ .0664 
-.2506+ 0646 
-.3061+ .0628 


.6320+ .0418 
.3667+ .0604 
. 3281+ . 0520 
..3005+ .0530 
.2491+ .0547 
.1707*^ .0666 


. 1300+ . 0573 
.1264+ .0573 
-.1134+ .0675 
-.3891+ .0494 
.6007+ .0437 
-.7030+ .0296 


,06378+ .0346 
.6194+ .0359 
. 4579+ . 0460 
.4611+ .0464 


.4485+ .0481 
.412SS .0484 
.«843+ .0497 
.8823+‘,0498 
.3564+ .0509 
.8862+jh0517 
-.8219+VvV123 
-.8891+ .di|y4 
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Table 3 .—Coeffwienta of correlation between qiumtUies of rnilk comtituents —Con. 


Oonstituent 

Correlation r 

Constituent » 

Correlation r 

Cttlciuin and- 


('hlorine and— 


Total solids.. . 

b 77m±Q. 0229 

Sodium 

0 610940.0365 

iToteiii- -. 

.772K-1: .023r) 

A.sh. 

. 41854 .0481 

Energy.- 

.7m± .0237 

Protein 

.21974 .0555 

Solids not fat 

. 7070± . 0240 

Magnesium. 

.04444 .0582 

Flit... 

.fWi46=b 032fi 

C'alciuin „ 

- 06204 .0.580 

AvSh , 

.03784: 034(5 

Fat. 

- 11944 .a574 

Phosphorus . 

4.‘)08± 0404 

Energy. 

- 14624. .0570 

Magnesium . , 

.336r)± 0517 

Total solids . 

-.20644 .0668 

Lactose. . . . 

.l.m.4- .0.573 

Solids not fat- 

-.25064 .0646 

rhloriiie 

-“,0(52t)4: 0580 

Phosphorus- 

-.26324 .0542 

Sodium 

-.0785-i: .0579 

Potassium--- 

- 38254 .0497 

Potassium 

- 4399± 0470 

Lactose. - 

- 7(W04 .0295 

Phosphorus and 


Sodium and- 


Hoi ids not fat 

.58134: 0.386 

Chlorine - . . 

61094 .0.36.5 

Total solids . 

5448d: 0410 

A.sh 

.45114 .0464 

Energy . . 

.47874: .0449 

Magnesium- 

19264 .0561 

Magnesium 

.45194: 0464 

Protein_ 

.14454 .0571 

(’alftium ... 

.4.5084: 0464 

Phosphorus ... 

.i:i834 .0572 

Protein 

43514- .0472 

Calcium_ 

- 07854 0579 

Fat . 

41664: 0482 

Fat .. 

- 10274 .0576 

Ash.. 

35644: 0.509 

Energy . . 

- 12014 .0,574 

TiHctose . - - 

3(K)54. 0530 

Total solids 

-. 1.5.5.54 .0,569 

Sodium. 

I383:J= 0572 

Solids not fat .. . 

- 1777± .0,564 

Potassium 

-.00954: 0583 

Potassium 

- 23674 .05.50 

Chlorine-. 

-.26324: 0542 

Lactose.1 

- m7± .0437 

Magnesium and - 


Potassium and 


Solids not fat 

.6tKl± 0367 

Lactose.. 

17674 .0,565 

Total solids 

5893± 0380 

Magnesium 

.a3824 0582 

Energy. 

56124: 0399 

Phosphorus- 

-.009.54 0583 

Fat 

46904. .0455 

Fat . 

- 22424 .0.5.5;i 

Ash .... 

. 45794 .0460 

Sodium.- 

-.23674 05.50 

Phosphorus 

45194- 0464 

Total solids. 

-.29324 .0533 

Protein 

42624 . 0477 

Solids not fat 

-.30614 .0528 

Calcium -... 

33654 0517 

.Lsh -- . 

-.32194 .0,522 

Tiactoso. 

.32814 0520 

Energy 

- 32624 .0.W1 

Sodium.. . 1 

. 19264 .0561 

Chlorine. 

- 38254 .0497 

Chlorine . j 

04444 .0582 

Calcium . ... 

- 43994 .0470 

Potassium.. ; 

03824 0582 

1 Protein... 

-.49344 .0441 


' 

------ 

. —_ 


Tlie exceptionnl variability of niagnesiuni whicli was observed has 
also been noted by Allen (i), but no adequate explanation of this 
fluctuation is apparent. 

Solids not fat show the least variability, followed, in the. order of 
increasing variability, by ash, lactose, total solids, energy, phosphorus, 
calcium, chlorine, magnesium, and sodium. 

CORRELATIONS 

In the interpretation of the correlation coefficients any correla¬ 
tions greater than 0.4600, that is, correlations of a inagnitudp. neater 
than 10 times their probable error, have been considered of definite 
significance. Correlations of from 0.3130 to 0.4600, which are more 
than 6 and less than 10 times their probable error, have been desig¬ 
nated as of doubtful significance, and correlations of less than 6 times 
their probable error have not been considered significant. 

The following general statements of significant relationships were 
observed; 

(1) As the percentage of fat increases, the eneigy, and the percent¬ 

ages of total solids, protein, solids not fat, calcium, and magnesium 
incre^. \ 

(2) As the energy value’ increases, the percentages of total solids, 
solids not fat, protein, calcium, magnesium, and phosphorus increase. 
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(3) As th« p^eutage of protein increases, the percentages of total 
Solids, solids not mt, calcium, and ash increase, and the percentage of 
potassium decreases. 

(4) As the percentage of total solids increases, the percentages of 
solids not fat, calcium, magnesium, and phosphorus increase. 

(5) As the percentage of solids not fat increases, the percentages of 
calcium, magnesium, phosphorus, and lactose increase. 

(6) As the percentage of lactose increases, the i)ercentages of 
sodium and chlorine decrease. 

(7) As the percentage of ash increases, the percentage of calcium 
increases. 

(8) As the percentage of chlorine increases, the percentage of sodium 
increases. 

Among the correlatioip of doubtful significance it is of interest to 
note that as magnesium increases the percentages of ash, phosphorus, 
protein, calcium, a,nd lactose increase. It has been noted above that 
magnesium is significantly correlated with solids not fat, total solids, 
energy, and fat. Thus, in 9 of the 12 comparisons, magneaum shows 
a significant, or probably significant, positive correlation. Simi¬ 
larly, calcium shows high positive correlations with total solids, 
protein, energy, solids not fat, fat, and ash, with possibly significant 
positive correlations with phosjjhorus and magnesium. 

Among the negative correlations of special interest are those of 
potassium with protein and calcium; and of lactose, which is a rela¬ 
tively constant constituent, with sodium and chlorine, which are e.\- 
tremoly variable. The findings with'reference to lactose, sodium, 
and cfilorine are in harmony with the conclusion of Porcher {W) 
that milk with high lactose content is usually low in sodium clfioride, 
and that mainly by variation in the sodium chloride in the milk it is 
maintained isotonic with the blood. 

Gowen and Tobey (7) state that the osmotic pressure of milk is 
very largely determned by the lactose content, whereas the osmotic 
pressure of blood is relatively little determined by its sugar content 
out mostly by its salt content, referring to six major osmotically active 
elements, potassium, sodium, calciiiim, magnesium, phosphorus, ^d 
cldorine. In the maintenance of the isotonicity of blood and milk, 
the milk of a lower lactose content would have to increase its content 
of salts in a rather pronounced degree to make up for this deficiency 
of lactose. Gowen and Tobey pro^se to compute the osmotic pres¬ 
sure from the millimolar concentration of lactose and ash found in the 
milk. From the present data lactose does reveal a negative correla¬ 
tion with ash, but among the individual elements only sodium and 
chlorine were found negatively correlated with lactose. 

Blackwood and Stirling (3) consider that by far the laigest part of 
any osmotic change taking place during milk secretion is to be 
accounted for by the synthesis of protein and carbohydrate from glu¬ 
cose and fiimno acids. They consider that during milk secretion a 
transudate is separated from the blood, having the same osmotic 

E ressure as blood, and that during synthesis water is returned to the 
lood to maintain the tonicity of the cell fluid. 

In the present study protein shows no i^gnificant correlations, 
pc^tive' or negative, with lactose and sodium chloride; and these 
eoTxelktions, as contrasted with the significantly negative oorrelalmn 
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of lactose and sodium chloride, suggest a dissimilar rjdation of protein 
and lactose in the maintenance of the isotonicity of the blood and 
milk. 

The narrow range of variation in the hydrogen-ion concentration of 
freshly drawn milk, between 6.50 and 6.65, is probably maintained 
chiefly through the phosphates and casein present. It was shown by 
Rice and Markley (/7) that the hydrogen-ion concentration of milk 
of high acidity, as determined by titration, is affected by the. addition 
of acid or alkali to a much lesser extent than is the hydrogen-ion con¬ 
centration of milk with low acidity. Their explanation is that in 
high-acid milk the phosphate and casein are present in greater quanti¬ 
ties than in low-acid milk, and that the buffer action is greater in the 
former case than in the latter. The negative correlation of potassium 
and protein is in harmony with tliis conclusion, and since calcium is 
largely associated with protein the negative correlation of potassium 
and calcium seems to be a part of the same picture. However, there 
is no con'clation, either positive or negative, between potassium and 

f ihosphorus. In fact, potassium shows no significant positive corre- 
ation with any of the constituents determined, though it may be 
correlated with undetermined constituents, for instance, with citric 
acid. 

Wright {18) has shown experimentally that CaHP 04 in solutions 
of calcium caseinate may be held in stable colloidal solutions up to 
the concentrations of calcium and phosphorus found in milk. He 
suggests that tiie calcium and jibosphorus which diffuse from the 
blood into the mammary gland may thus be held in colloidal combina¬ 
tion by tlie casein in the milk cells. Alkali rendem this combination 
unstable, with which fact the negative correlations of potassium with 
protein and calcium, as found in tliis study, seem to be in harmony. 
This calls attention to the slight degree of correlation found between 
potassimn and phosphorus, and su^csts that phosphorus is associated 
with other constituents than calcium and casein—which is borne out 
by the fact that the ratio of phosphorus to calcium in calcium case¬ 
inate is 0.8, and in CaHPOi it is 0.775, whereas the ratio between 
the average percentages of phosphorus to calcium found in milk in 
the present study is 0.851. 

In consideration of the questionable significance of correlations as 
evidence however, no effort will be made tp interpret these observations 
closely. Correlations can only suggest, and the facts as to origin 
and relationships of the constituents of milk must be established by 
evidence of more direct and less equivocal character. 

SUMMARY 

Statistical data based on the analyses of 134 samples of Holstein- 
Friesian milk representing one entire lactation period for each of 12 
cows are reported. The analyses include fat, energy, protein, total, 
solids, solids not fat, lactose, ash, calcium, phosphorus, m'agnesium, 
chlorine, sodium, and potassium. The means, standard deviations, 
and coefficients of.variatipn of each constituent with their corres¬ 
ponding* probable errors, are reported, and the coefficients of correla¬ 
tion’ of each constituent with every other constituent are given. 
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INFLUENCE OF CALCIUM PHOSPHORUS-INTAKE ON. 
BOVINE BLOOD* 

By J. E. Greaves, chemist and haciertologint^ E. J. Maynard, animal huf^band- 
man^ and Wendell Reeper, graduate ananiiant, Utah Agricultural Experiment 
Station 

INTRODUCTION 

Phosphorus is present in every cell and fluid of the body. It is 
vitally concerned with carbohy^drate, fat, and some phases of protein 
metabolism. It is essential in muscular contractions and in the 
functioning of the central nervous system. It enters into the buffer¬ 
ing powers of the blood and other tissues. Phosphorus, together with 
calcium, plays a fundamental role in bone formation. It is, then, not 
surprising to find profound physiological and anatomical disturbances 
occurring in animals on a phosphorus-deficient diet. In cattle such a 
deficiency may manifest itself by hypophosphoracmia, osteophagia, 
and osteoporosis, and by osteomalacia in the adult {15)!^ In the early 
stages the consumption of food is usually adversely affected {26). 
On phosphorus-deficient rations the milk yield is usually low (2) and 
there is a marked inhibition of oestrum f^). Usually before most of 
the symptoms appear, hypophosphoracmia manifests itself (»f, 24 )- 
Apliosphorosis of cattle is known to occur in many regions (5, 25). 
It is probably even more widely spread than is known at the present 
time, where the following conditions occur: The forage is produced on 
phosphorus-deficient soil and consequently is low in phospliorus; the 
cattle are kept on too restricted rations, the main constituents of 
which are deficient in phosphorus; the intake of calcium is excessive 
in relation to the intake of phosphorus; and the phosphorus require¬ 
ments are extremely high and hence not met by the ordinary rations, 
as in the case of the lactating cow. 

It has been suggested that the estimation of inorganic blood phos¬ 
phorus gives an early diagnosis of apliosphorosis and helps to differen¬ 
tiate it from picas having a different origin {14, 26). With sufficient 
information on the optimum inorganic phosphorus of the blood under 
varying conditions, it appears probable that blood analyses may be 
used to discover those animals which are on phosphorus-deficient 
diets, and hence the proper phosphorus supplement may be prescribed. 
In this manner, at least in a degree, it may bo possible to jircvent the 
modern dairy cow from passing through a mild form of osteoporosis 
at each lactation. This is an extreme instance and at times may not 
bo duo to a deficient ration but rather to an overdeveloped udder 
outrunning the absorptive capacity of the gut for phosphorus jfi). 
However, Huffman and his coworkers {12) found that even high- 
yielding cows (2,000 gallons) can be maintained in mineral equilibrium 
(positive calcium balance) upon ordinary mineral-rich rations. 
Nevertheless, the margin is often exiguous, and little may be required 
to change a positive balance to a negative one. 

I Received for publication flee. 14, 1933; issued July 1034 Ooniribution from Departments of 
Bacterioloty and Biochemistry, and of Animal and Poultry Husbandry, Utah Agricultural Expernient 
Ststiorif * ^ . 

4 Referenee is made by number (italic) to Literature Cited, p. 1040. 


Joutiial of Agricultural Research, 
W^lngtott, D.C. 

eases—34-e 


Vol. 48. no. 11 
June 1, 1034 
Key no. Utah-32 


(1033) 



1034 _ Journd 0 ^ Agricidtural Research voi.«,no. ii 

EXPEaiMENTAL ANIMALS AND PROCEDURE 

Data report^ in this paper represent blood analyse obtained from 
40 ^ade yearling beef steers, averting 585 pounds in weight and of 
similar breeding and previous treatment. They were carefully sorted 
into five gro^s as nearly alike as possible as to weight, quality, and 
condition. They were fed for a period of 150 days on the following 
rations: , 

Lot 1, pressed beet pulp, beet molasses, alfalfa hay, and salt. 

Lot 2, pressed beet pulp, beet molasses, alfalfa hay, and cottonseed cake. 

Lot 3, pressed beet pulp, beet molasses, alfalfa hay, and steamed bone meal. 

Lot 4, pressed beet pulp, beet molasses, alfalfa hay, and mill-run bran. 

Lot 5, pressed beet pulp, beet molasses, alfalfa hay, and ground barley. 

The average daily ration consumed by each lot, the daily calcium 
and phosphorus intakes, and the calcium-phosphorus ratio in the 
rations are shown in table 1. 

Ijot 1, receiving beet pulp, molasses, alfalfa, and salt, obtained less 
than 50 percent of the phosphorus received by those on the ration 
supplemented with cottonseed cake. The phosphonis intake of lot 5, 
where barley was given, was also low; that of the remaining lots was 
high. There were also considerably greater quantities of calcium in 
the rations of the animals receiving phosphorus supplements. This is 
especially noticeable in the lot receiving cottonseed cake. The cal¬ 
cium oxide intake in the ration of lot 1 equaled 0.74 percent; of lot 2, 
0.69 percent; of lot 3, 0.48 percent; of lot 4, 0.52 percent; and of lot 5, 
0.73 percent. All these animals received rations containing more 
than 0.45 percent of calcium oxide placed as the minimum by the 
Wisconsin workers (10) for dry dairy cows. Phosphorus was low in 
the rations of lots 1 and 5 when compared with the quantities recom¬ 
mended by Kellner (fS) and Arrasby (1). 

The animals receiving no phosphorus supplements were getting 
consadorably leas than the 30 g of phosphorus pentoxide per day, which 
Theiler, Green, and Du Toit (27) laid down as the minimum for heifers. 
Where barley was the supplement, the animals were receiving 
30 g; all others were receiving considerably more than the minimum 
requirements. 

Theiler, Green, and Du Toit (26) conclude that inasmuch as mini¬ 
mum requirements of growth are higher in the case of phosphorus 
than in the case of calcium; a ratio of calcium oxide to phosphorus 
pentoxide as high as 3 to 1 is not necessarily disadvantageous. Lots 
2 and 3 were receiving rations in which the ratio of calcium oxide to 
phosphorus pentojdde was 3 to 1. Lot 1 received calcium oxide to 
phosphorus pentoxide in a ratio of 4.6 to 1 and lot 5 in the ratio of 4.1 
to 1. It is evident, therefore, that in lots 1 and 5 phorohorus could 
have been profitaJ)ly added. One is prone to ask: Cfould greater 
quantities of phosphorus have been added advantageously to the 
.rations of lots 2, 3, and 4? Theiler, Green, and Du Toit {26) state 
that when calcium is low it is probable that a relatively high propor¬ 
tion of phosphprus may facilitate the absmption of calcium and thus 
reduce the risk of calcium starvation.' '^en phosphorus it. low, a 
relatively high calcium intake may reduce the absorption <of 
.phorus and in this way increase the danger of aphosphorosis. 



■Average daily ration consumed^ average daily intake of calcium and phosphorus, and the calcium-phosphorus ratio in the rations 
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Saimples of blood were collected in the morning before feeding to 
obviate the action of recently ingested carbohydrates on blood 
inoigenic phosphorus. It was found in preliminaiy tests in 1932, 
when this precaution was not taken, that the blood inorganic phos¬ 
phorus often fell to an extremely low level, probably due to the large 
quantities of soluble carbohydrates consumed. 

The blood was collected from the jugular vein in two 4-ounce 
bottles. The sample for phosphorus determination was quickly 
mixed with sodium oxalate, immediately taken to the laboratory, and 
the plasma centrifuged out. The phosphorus was determined in the 
plasma by the Youngberg method {11)', the calcium in the serum of 
the second sample by the Clark-Collip modification of the Krammcr- 
Tisdal method (ll). Results are reported as milligrams of phosphorus 
in 100 cc of blood plasma and milligrams calcium in 100 cc of blood 
serum (table 2). Samples were taken at the banning of the experi¬ 
ment and during each succeeding month. This work represents 
analyses of individual samples and not the composite of three samples 
taken on successive days as reported by some workers. In this work, 
however, samples were taken from each of eight animals receiving the 
same treatment. This should eliminate, to a degree, individual and 
daily fluctuations in the calcium and phosphorus content of the blood. 

EXPERIMENTAL DATA 

The average calcium content of the blood of the various lots on 
January 21, 1933, varied from 12.25 mg per 100 cc of blood scrum to 
13.16 mg. With few exceptions, there is only a small variation within 
the different groups (table 2). 


Table 2. —Milligrams of talcium per 100 ccof blood serum and of inorganic phos 
phorus per 100 cc of blood plasma in blood of steers fed different supplements to the 
ration^ Jan, 21 and Feb, 28, 1933 

BATA OF JAN. 21, 1933 


Lot 2, cottoniieed I^ot 3, steamed 
supple- bone^jneal 


Ty(>t 4, miil-run 
bran 


Lot 5, ground 
barley 


KZ.m 2.87 \ 

12,00 2.71 6 .... 
14.00 3.07 10 ... 
13.70 2.26 16.-. 

13.76 2.64 25... 
12.00 2.80 30... 
11.60 2.79 42— 

13.76 2,24 43— 


12.00 2.30 2. 

13.00 2.18 4 ... 
j 11.76 2.47 16.--. 

13.76 2.16 18- . 
14.00 1.67 32 — 
13.00 3.10 38 ... 

13.76 2.21 14— 
X3.76 3.23 48— 


12.00 1.80 7-. - 
11.26 2.68 13-- 
13.60 3.66 21- 
13.60 3.40 24-- 
11.00 3.61 26- 
11.25 2 75 34 - 
12.00 2.47 36— 
16.00 2.72 46— 


- 13 60 2.60 6 . 
12.00 3.16 8 
12.60 2.72 2S 

. 14.00 1.74 28 

. 11.26 2.03 31 

- 11.76 2,38 36.. 
. 14.00 1.69 44., 

13.75 3.73 50.. 


13.26 2.62 
; 11.76 .3.76 
12.00 2.78 
13.26 2.01 
12 60 3.46 
10.60 2.96 
13.00 3. 21 
11.75 2.49 


Average. 13.04 2.63—*— 13.13 2,41 . 


BATA OF FEB, 28, 1933 



1 I 


34.0 6.87 60- 
14.0 4.66 44- 
M,8 4.82 6- 
14.0 7.04 23- 
14.6 4.30 8- 
11,3 6.06 36. 
14. 5 3.57 28. 
14.0 6.62 31. 
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These animals had grazed on the range plants whiph were grown on 
the higl^ calcareous soils of Idaho and consequently were high in cal¬ 
cium. Inis may account for the high calcium and comparatively low 
phosphorus content of the aniinars blood. 

The inorganic phosphorus qf the blood varied from 2.41 to 3.01 mg 
per 100 cc of blood plasma. These results are low when compared 
with those obtained by Eckles and his coworkers {5) on animals 
receiving sufficient phosphorus and point strongly to the cpnclusions 
that all these animals, although on a ration high In alfalfa hay grown 
on phosphorus-rich soils, would have benefited if given a phos])horus 
supplement. 

The phosphorus-calcium ratio in the blood varied from 1 to 4 in 
barley-fed steers and from 1 to 5.5 in animals receiving cottonseed 
cake. 

On February 28, 1933, the blood was again analyzed (table 2). A 
slight increase in the blood calcium had occurred. Even where the 
animals received the calcium supplements there was an increase of 
only 1 mg per 100 cc of blood serum, wdiich is in keeping with the 
findings of Theiler, Green, and Du Toit {26). The phosphorus, how¬ 
ever, had markedly increased. The animals receiving bone meal and 
inill-rim bran yielued blood phosphorus well above 5 mg per 100 cc of 
blood plasma. In those animals re(‘eiving no phosphorus supplement 
and those receiving ground barley, the blood phosphorus was lower, 
being 3,60 and 3.67 mg per 100 cc of blood plasma, respectively. The 
])hosphorus-calcium ratio, while still varying widely in the blood of 
different lots, was much narrower. 

Blood samples were also taken on April 1, April 27, and June 1, 
1933. These showed the same regularity in each group, as did the 
analyses made on January 21 and February 28. Hence, only the 
averages of these determinations are given (table 3), Each reported 
result represents the averages of the analyses made on eight different 
animals receiving the same ration whicH should rule out individual 
differences that occur when averages are made from individual 
animals. 
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When placed on the experimental ration, these cattle were taken 
from feeds high in calcium. Moreover, all experimental rations 
carried calcium- well above the minimum requirements for such ani¬ 
mals; consequently, their blood calciiun showed no appreciable 
variation that could be ascribed to these ratiops. The greatest varia¬ 
tion is shown in the lot receiving no phosphorus supplement. Due 
to the drop in phosphorus, nature may have attempted to maintain 
an approxunate umform calcium times phosphorus concentration. 
Palrner and Eckles {20) produced hypercalcemia and hypophosphor- 
aemia in cows by feeding diets low m phosphorus. Had the animals 
used in the experiments here reported been younger, it is highly 
probable tlmt greater variations would have occurred in the serum 
calcium, for it is not easy to raise the concentration of serum calcium 
far above normal by feeding calcium salts or high calcium-containing 
feed; it is even more difficult to lower the serum calcium of normal 
full-grown animals by altering the intake of calcium {2S, v. 1, p. 
814). 

The inorganic phosphorus of the blood plasma on January 21, 
when the cattle were placed on the various rations, was low. There 
was an increase on Feoruary 28, greatest in the case of steers receiv¬ 
ing bone meal and least where no phosphorus supplement was given. 
The concentrations remained quite uniform throughout the remainder 
of the experiment. Only occasionally did the inorganic phosphorus 
content reach 5-mg concentration, making it highly probable that 
all of these animals would have benefitted by an increase in the 
phosphorus supplement due to the high calcium intake. 

DISCUSSION 

It has been stated {2S) that calcium and phosphorus in the cir¬ 
culating plasma, other factors remaining constant, bear a reciprocal 
relationship to one another. Hames {8, 9) tested this biometrically 
on the blood of rabbits and found a small negative correlation between 
the calcium and inorganic phosphorus. Palmer and his coworkers (21) 
found no correlation between calciu^ and inorganic phosphorus and 
consider Hames’ coefficient so small m relation to the probable error 
as to be mathematically insigniheant. Calculations have been made 
of the correlation coefficients between calcium and phosphorus in the 
199 analyses, as reported herein. The formulas given by Pearl {22) 

I 

were used: ru = - and P •£•,='0.67449 ^ 7 ^- 

Naiffi y A? 

The values for on the following dates are: 

Jan. 21, -0.1660 ±0.1037 (n=40) 

Feb. 28, -0.3333 ± 0.0947 (»=40) 

Apr. 1, -0.5116± 0.0784 («=40) 

Apr. 27, -0.6888 ±0.0696 (n=40) 

June 1, -0.6096 ±0.0678 (n=3a) 

On all samplea, -0.2264 ± 0.0462 {n« TOO) 

Hence, thwe is a ^all negative correlation between the iqor^anic 
{ihosphorus and calcium in the blood of steers fed on the rations con¬ 
sidered in this work. , It become greater as the experiment progressps; 
ho^^ver^ mme work is necessary before it can be said to have a bio- 
l^eal stgnineance. 
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There is a close relationship between the phosphorus intake of these 
animals and the inorganic pliosphorus of the blocfd plasma, which 
bears out the findings of others {11, 19). Analyses of blood for its 
inorganic phosphorus content can be used as a measuVe to determine 
the phosphorus needs of animals. This, however, requires further 
work to standardize the factof for optimum concentration under vary¬ 
ing (conditions. The age of the animal is known to influence the in¬ 
organic phosphorus of the blood (7), and the conclusion is (juite well- 
founded that gestation is without effect (/6*, 18). However; the (dTect 
of sex and pregnancy upon the normal inorganic phosphorus of the 
blood is not so well known. 

At the end of the ir)0-day period, the ration of the cattle receiving 
pressed beet pulp, beet molasses, alfalfa hay, and salt (lot 1) was sup¬ 
plemented wUh 0.1 pound of steamed bone meal daily. After being 
on this ration for 30 days, blood samples were taken and analyzed for 
calcium and inorganic phosphorus. These results are given in table 4. 

Tahle 4. -Altlligrams of calcium in 100 cc of blood serum and of inorganic phos¬ 
phorus in 100 cc of blood plasma in the blood of steers^ July 7, 1933. 


Steer no 

Calcium 

Phos¬ 

phorus 

1 

Steer no | 

C'.aluiumj 

i 

Phos¬ 
phorus 1 

Steer no. 

Calcium 

40. 

13 3 

3 4 

3 . 

14 5 

2 4 

50. 

13.0 

0. 

12 f) 

3 9 

49 . 

13 3 

2.0 

22.1 

12,5 

34. 

12.6 

3 3 


12 0 

3 9 

! 

5. 

13 0 

12. 

13.0 

3,4 

1 

i 



Phos¬ 

phorus 


2.4 

3.5 
3 3 


Tlie calcium of the blood remained quite constant. The inoi^anic 
phosphorus of the blood increased; at the close of the experiment, 
however, it was still far below that of the animals which had received 
steamed bone meal from the beginning of the experiment. Un¬ 
doubtedly, due to the deficient ration, other tissues of the body, in 
addition to the blood, had been depleted of their phosphorus; consc- 
quentlv, time apparently is required to bring the tissues back to 
normal. 

SUMMARY 

Forty head of grade beef steers, averaging 585 pounds in weight 
and of similar breeding and previous treatment, wore sorted into 5 
groups as nearly alike as possible as to weight, quality, and condition 
and were fed for 150 days on rations of pressed beet pulp,* beet mo¬ 
lasses, alfalfa hay, and salt, to which was added for four of the groups 
a supplement of cottonseed cake, steamed bone meal, mill-run bran, 
and ground barley, respectively. 

Blood samples were taken monthly and analyzed for calcium and 
phosphorus. Before going on these rations the averages per 100 cc of 
blood serum and plasma were: Calcium from 12.25 to 13.13 mg and 
inorganic phosphorus from 2.41 to 3.01 mg. Phosphorus supplements 
fed in the form of cottonseed cake, steamed bone meal, and mill- 
run bran increased the blood inorganic phosphorus to near that re¬ 
ported as optimum by dome workers or 5 mg per 100 cc of blood serum. 
It.wa^ lowest in the lot receiving ground barley and highest where 
steamed bone meal was fed. The various phosphorus supplements 
ptoduced little, if any, effect upon the blood calcium, A low negative 
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correlation was found between the inorganic phosphorus and calcium 
of the blood. 'There was a close correlation between the phosphorus 
intake and the inorganic phosphorus of the blood.- The question is 
raised: Is it possible that many cattle (even in Utah where the soil in 
most cases is rich in phosphorus) may lack phosphorus in their ration? 
It appears feasible that this could be determined by blood analyses. 
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SURVIVAL OF BLISTER-RUST MYCELIUM iN WESTERN 

WHITE PINE ‘ 


By H. G. Lachmunu, pathologist, and J. R. HANSBROtroH, assistant pathologist, 
Division of Forest Pathology, Buregu of Plant Industry, United States Department 
of Agriculture ^ 

INTRODUCTION 

Studies on the growth and behavior of cankers of white pine 
blister rust {Cronartium ribicola Fischer) on western white pine {Pinus 
monticola Dough) have been reported by the senior writer in a 
previous paper.^ That paper contains data on the manner in whieli 
canker growth rates arc influenced by the size and vigor of the infected 
stem, by regional site conditions, and by girdling and subsequent 
“flag formation”—a term descriptive of the conspicuous red-brown 
color of the foliage of the affected part after death. In that paper 
(p. 594) reference was made to a study of the survival of the mycelium 
in trunk cankers; the results of that study are presented herein. 


PROCEDURE 

During 1922 and 1923 the senior writer observed that blister- 
rust cankers on branches of western white pine in British Columbia 
continued to grow toward the bole of the tree after the. outer portion 
of the branches had died and turned into “flags”, and in some cases 
after s(|uirrels had girdled or severed the branch at the center of 
the canker.* In order to verify the results of these observations and 
to determine the e.xtent to which the rust could continue to live and 
grow after all source of food supply had been cut off beyond the point 
of infection, a number of cankered branches were so cut that part of the 
infected bark remained on the stub and these stubs were examined 
at fixed intervals. On April 25, 1924, 34 infected branches were se¬ 
lected on thrifty western white pines at Chee Kye,* British Columbia, 
their diameters at the base of the canker were measured, and they 
were then lopped off just above the lower limits of the typical orange 
discoloration which closely follows the progress of the mycelium 
in the bark of western white pine. Tlmoughout the remainder of 
this paper all cankers shortened in this manner are referred to either 
as “cut” cankers or as “truncated” cankers. On October 25, or b 
months from the time of cutting, all the cankers wore in good con¬ 
dition and had continued to extend toward the bole. The downward 
growth of the mycelium, as indicated by the downward extension of 
the discoloration of the infected bark, was carefully measured for 
each canker. 


1 Received for publication Dec. 27,1033; issued July 1934. 

* The writers acknowledge indebtedness to C. N. Partington, J. L. Mlelke, and T. S Buchanan for assist'- 
auce in carrying on the held studies upon which this article is based 

^ LaCHUUNP, H. o. GROWTH AND INJURIOUS EFFECTS OF CRONARTIUM RIBICOLA CANKKH8 ON PlNUH 
MONTICOLA. Jour. Agr, Research 48; 476*503, illus. 1934. 

4 For several years numerous investigators have observed that squirrels and other ^odeu^s frequently eat 
the infected bark of white pine blister-rust cankers. Occasionally they completely sever the branch at the 
point of infection. 

« Oheiy^e is a stop on the Pacific Great Eastern Railway, approximately 40 miles, air line, north of Van- 
couver,®3tteh Columbia. » ^ , 
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In April 1925 a series of 50 uncankered thrifty branches on the 
same area were cut in the same way that the cankers were cut the 
preceding year. These checks were established to determine how 
long uninfected branches would remain alive after cutting. In July, 
42 were dead and the remaining 8 died within 2 months. During 
this time most of the stubs of the cankered branches cut in 1924 
remained alive and the mycelium continued its growth from their 
cut ends toward the boles. This proved beyond a doubt that it 
was the presence of the mycelium in the cut cankered stubs which had 
kept them alive. 

in the latter part of September 1925 a forest fire swept over the 
area and terminated the entire study before the 34 cut cankers were 
remeasured. Therefore growth measurements were secured for a 
6 -month period only—^from AprU 26 to October 25, 1924. A com¬ 
parison of the growth rate of these cut cankers with that of normal 
uncut cankers in the same area indicated that the downward growth 
rate of the cut cankers wiw somewhat less in each diameter class than 
it was for the corresponding uncut cankers. The data were too few 
to be conclusive; therefore plans were made for a more complete 
study. 

A western white pine infection area near Owl Creek,'’ British 
Columbia, was chosen for the second experiment. Pine infection 
first occurred there in 1917, increased considerably in 1921, and 
became common in 1923 and 1924. In 1927 at the beginning of the 
test the white pines were young and still thrifty. They were approxi¬ 
mately 12 to 25 years old and from 9 to 22 feet tall. 

On May 6, 1927, 100 cankers on thrifty branches of 32 trees were 
carefully selected. All these cankers were of 1923 or 1924 origin and 
were therefore relatively young, most of them having produced aecia 
only once or twice. In general, they were one internode distant from 
the bole; a few, however, were almost two internodes distant. The 
distance from the bole to the lower limits of the cankers ranged from 
2 to 17.3 inches, being more than 8 inches in only a small number of 
cases. 'The diameter of the branches at the lower limits of the cankers 
ranged from 0.2 to 0.9 inch. For ^ach 0.1-inch class between these 
limits the number of branches was approximately the same. 

Each branch was severed by a cut perpendicular to its long axis at 
a point about one half of an inch a^ve the lower limit of the dis- 
coloratiqn. On the same trees, 100 uninfected branches wore cut in 
identical fashion to serve as checks. The check for each cut canker 
was on a branch of the same size and corresponding location in the 
tree. 

In no case were any living needles or small side branches left between 
the cut surface and the bole; therefore it was impossible for any of 
the cankered stubs^or checks to obtain food except from the main 
stem, or bole. 

■ These truncated cankers and checks were examined in the fall of 
1927 and in the spring and fall of each successive vear until the spring 
of 1932. The condition of each was noted—^whemer living or dead— 
and, in the case of the living cankers, the downward growth ffota the 
lower linut at the time of cutting or at tire time of the pfeceijmg 
examination w as accurately measured. Of the original 100 cankbrs, 

' 0^1 Cnek Is astop <m tlM Faotfle Onat Sastahi Bailwar, appnolmalaljr SI mOas nortb of CliM Kyt. 
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22 were discarded before the completion of the study because of- the 
death of the trees on which they were located. 

On May 1, 1928* a similar experiment was begun on the same area 
but on different trees, ^ifty cankered branches and fifty uninfected 
checks were cut in exactly thf same way as were those in the pre¬ 
ceding year. In,order to determine the iimnediate effect of cutting, 
this series was examined monthly until fall; after that the data were 
taken as for the 1927 series. Ilerc again the basis for coipparisons 
was reduced through the death of some of the trees. Data were taken 
on 44 cut cankers and checks in 1929 and on 32 cankers and checks 
in 1930. At the end of 1930 work on this series was terminated. 

.SURVIVAL OF TRUNCATED CANKERS 

The data summarizing the condition of the cankered stubs at half- 
.yearly and .vearl.y intervals arc shown in table 1. The condition of the 
cankered stubs is assumed to be the saim* as that of the canker 
itself- i.e., living or dead -for Crmartium ribicola is an obligate 
parasite and can live only so long as its host remains alive. Wlien a 
canker had gi’own down the stub and entered the bole, the stub died 
in a short time. Inasmuch as the purpose of this study was to deter¬ 
mine the effect of cutting on canker survival and growth, those can¬ 
kers that died or entered the bole were not examined at subsequent 
dates. Because of the uniformit.y of the data after the 2-year period, 
the half-yearly intervals are not shown. 

Table 1 - Sunuval of buntaUd eaukcn and chr<d\^y Owl Oec/i, Bnftsh (Udumhia 


('ankers or checks (number) 


!22 . 

122 . 

122 . 

110 - . 

78 ^.. 

78. 

78. 




Tankers 



Time after 
cutting 

Living but 
not yet 
reaching 
bole 

Dead before 
reaching 
bole 

Entered 

bole 

Tliecks 

dead 

Vmrs 

Percevt 

Percent 

Percent 

Percent 


95.9 

0.0 

4.1 

95.9 

1 

91.0 

1.0 

7.4 

99.2 

IK* 

(>«.4 

8.2 

26.4 

100.0 

2 

a 

44. (1 

18. 2 

37.3 


21 8 
5. 1 

21.8 

50. 4 


4 

29 h 

05. 4 


5 

• 3.8 

30 8 

0.'). 4 

. 





' 


- Trees containing 12 cankers died during winter. 
h Examination of 1028 series discontinued. 


Examination of the data for the 122 checks shows that 95.9 percent, 
or 117, were completely dead half a year after they were cut. Onl.v 1 
of the remaining 5 checks survived for 1 year, and it died shortly 
thereafter. 

Comparison of the survival data for the truncated cankers with 
those for the checks clearly shows that the former remained alive for 
a very much longer time than the latter. This comparison is further 
stron|:thened by the restdtg of the monthly examination of the checks 
in the 4928 series. Five percent of them were dead 3 months af^gr 
curang and 90 percent in 4 months, showing that the great majority 
of xieaths occurred during the first 6 months. • • , 
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Ift a previous reference to the present study the statement was 
made ^ that the survival of the cankered stubs suggested that “the 
presence of the infection at the end of the stub had the effect of 
stimulating a reversal of flow of the elaborated food materials.” The 
data presented herein are believed to justify fully this hypothesis. 
The fact that with one exception the uninfected checks died within 
a year after cutting whereas the cankered stubs remained alive in 
some cases for at least 5 years shows that the presence of blister-nist 
infection tended to keep the stubs alive until the cankers could grow 
into the bole. 

The action of the rust upon the stream of assimilates m the cut 
cankered stubs would be an interesting subject for physiological 
study. No other phenomena even remotely analogous to the survival 
of the cankered stubs are known to the writers. Certain features of 
resemblance are suggested by the well-known action of false-mistletee 
infection, which has the effect on several hosts of prolonging the life 
of certain branches; notably in the case of the lower branches of 
Finns pov^erosa Dougl. and P. contorta Dougl. But in these cases 
the prolongation is attributable to a stimulation of the growth of the 
foliage beyond the point of infection whereby the infected portions are 
provided with an increased supply of elaborated food from the 
normal direction. 

DOWNWARD GROWTH OF TRUNCATED CANKERS 

As previously stated, the downward growth of all living cut cankers 
was carefully measured at the time of each examination. These 
measurements, too numerous for detailed publication, indicate three 
things; (1) The downward growth rate of the mycelium in the can¬ 
kered stubs was constajit as long as the stubs remained alive; (2) this 
rate was very slightly less than the downward growth rate of normal 
uncut and unflagged cankers; and (3) it was almost identical with the 
downward growth rate of flagged cankers, which is likewise slightly 
leas than the normal growth rate. This reduced rate of growth can 
obtain, however, only while the fungus is in the stub or in those 
portions of the stem below the flag which are in low vigor because of 
the flagging. As soon as the infection reaches the bole or the region 
of the healthy living side branches below the canker, its rate of 
growth immediately becomes normal. 

While'similar in rate of downward growth, the cut and the flagged’ 
cankers are not exactly comparable as regards the length of time they 
may remain alive on intemodes unsupported by living foliage beyond 
the canker. The death of the portion of the branch or stem beyond 
the canker m flaggmg reacts differently and evidently saps the vitality 
of the lower uninfected portion much more than when the branch or 
stem beyond the canker is cut off. For example, when a canker is 
situait^ so far do^ on a branch that most of the foliage is beyond 
"the point of infection, the entire branch is generally killea at the time 
of flag formation. It has been noted^ further, that flagged cankers 
almost invariably idle out if the length of un8up|>orted mtem^de is 
w long that the canker cannot grow over‘it withm 2 years. *X)n the 
other hand, the present data show that the majonty of the cut cankers 


^ T H. Q. See Vooinote 3, 
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remain alive for at least 2 years and that many of them survive for 
3 years or more. From these observations it appears that cutting 
causes less of a drain on the lower stem than does flagging. Con¬ 
sequently the longevity and survival data for the cut cankers caifhot 
be used as criteria for the survival of cankers after flagging. 

SUMMARY 

The mycelium of white pine blister rust continues toHve*and grow 
in infected western white pine bark after flagging, i.e., the death of the 
portion of the branch beyond the canker, has taken place or after 
squirrels have girdled or severed the branch at the center of the 
canker. In order to obtain definite information on this phenomenon 
the writers m the spring of 1927 and 1928 shortened 150 cankers, 
leaving stubs with about one half of an inch of living canker at their 
tips. Checks were cut in exactly the same way on uninfected branches 
in the same relative position in the trees. 

The checks wore practically all dead within 1 year from the date 
of cutting, whereas the cankered stubs remained alive for periods 
ranging u]) to 5 vears, or until the mycelium entered the bole of the 
tree. The mycelium apparently stimulated a reversal of the flow of 
assimilates in the mfoctedl stubs. 

Measurements of the downward growth of the cankers in the stub 
indicate, that it proceeds at a constant rate slightly less than that of 
normal cankers but almost identical with that of flagged cankers. 
Flagged cankers survive for a shorter time than cut cankers. 
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EFFECT OF LEAF RUST (PUCCINIA TRITICINA) ON 
YIELD, PHYSICAL CHARACTERS, AND COMPOSITION 
OF WINTER WHEATS’ 

By Ralph M. Caldwell, asaociate paihologist, Division of Cereal Crops and 
Diseases^ Bureau of Plant Industry: H. R. Kraybill, chemist^ and J. T. 
Sullivan, assistant chemist^ Purdue University Agricultural Experiment Station, 
and Leroy E. Compton, assistant pathologist^ Division of Cereal Crops and 
DiseaseSf Bureau of Plant Industry 

INTRODUCTION 

Tliero is little published information repirdinj^: the effect of the 
various cereal rusts on the composition of the host plants and grain, 
although several studies on the effect of rust on yield have been pub¬ 
lished. At La Fayette, Ind., the season of 1931 was extremely favor¬ 
able for a study of the effect of leaf rust of wheat (Pvecinia triticina 
Eriks.) on the composition of plants and grain and on the yield of 
grain and straw. A severe leaf-rust epiphytotic developed on sus¬ 
ceptible varieties soon after the flowering period. Other diseases 
either were entirely absent or were present in an unimportant degree. 
The season was favorable for large yields. The plants developed a 
strong growth of straw that withstood severe winds without lodging, 
a particularly fortunate condition for studying the effect of rusts on 
cereals. A similarly fortunate combination of circumstances may not 
reoccur soon, which is the justification for presenting the data for a 
single year. A preliminary report of this work has been published 
by the writers {4)} 


METHODS AND MATERIALS 

In the fall of 1930, seven varieties of winter wheat, varying in 
relative susceptibility to leaf rust from extremely susceptible to 
highly .resistant, were sown in 2 series with 4 replications of each 
variety in each series. The varieties were B'\ilhard (C.l. ^ no. 8259), 
Gladden, Kawvale (C.l. no. 8180), Nittany (Pa. no. 44),%Purkoff, 
Shepherd (C.l. no. 6163), and Fultz selection (C.l. no. 11512), a 
highly leaf-rust-resistant selection from a segregating strain of Fultz. 
Berinning the following April, one series was diusted with sulphur in 
order to control leaf rust, whereas the other was not dusted. 

The seed was sown by hand at the rate of 6 pecks per acre, this 
rate being commonly used in Indiana farm practice. Care was 
exercised to secure uniform distribution in the drill row. The two 
series were sown on a uniform area separated by three rows of wheat 

» Eeceived for publication Jan. 2, 1934; issued July 1934. A Joint contribution from the Botany and 
State Cbemiat Departments. Purdue University Agricultural Experiment Station, and the Division of 
ui>)f Plant Industry. U.S. Department of Agriculture. 

(itali^ to Literature Cited, p. 1071. 
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to guard against tlie drifting of sulphur from the dusted to the non- 
dusted senes. Each replication or plot of a given variety consisted 
of four 18-foot rows 1 foot apart, the 2 outermost serving as guard 
ro^s between the varieties. The plots were continuous, i.e., sep¬ 
arated by only 1 foot, as were the rows within the plots. The four 
replicated plots of each variety in both dusted and nondusted series 
were in linear arrangement and extended the entire length of the 
experimeutal area. 

The grouping of the dusted and nondusted plots in separate aeries 
was to prevent the sulphur from drifting to the nondusted plots. This 
plan made impossible the more desirable systematic distribution of 
plots commonly in use in comparative yield trials. However, because 
of the uniformity of the soil and the small land area involved, this 
system apparently has given satisfactory data from a practical point 
of view. 

A 2-12-6 fertilizer was applied with a disk drill at the rate of 200 
pounds per acre prior to seeding. The drill was drawn parallel to 
the short dimension of the area, whereas the seed was drilled in the 
opposite direction, to avoid, so far as possible, the influence of any 
irregularity in the distribution of the fertilizer. 

A sulphur dust containing the oxidizing agent, potassium perman¬ 
ganate, was used throughout the experiment. The dust was applied 
with a bellows-type hand duster at the rate of 100 pounds per acre, 
the rate being slightly increased in the later dustings. Because there 
is a rather large wastage of dust in using a bellows-type duster and 
in treating rows spaced 1 foot apart, heavy applications were neces¬ 
sary. The control of leaf rust was very satisfactory, the percentage 
of infection reaching only 10 to 15 percent on the dusted plots of very 
susceptible varieties, in contrast to 100 percent, shortly after flowering 
time, on the nondusted plots. 

In this study tlie sulphur-busted plots have been considered as 
controls, to be used as a basis from which to measure the effect of 
the rust on the rusted (nondustodl plots because the interest is pri¬ 
marily in the effect of the rust rather than that of the fungicide. It 
is recognized that the sulphur dust may have slightly altered the 
normal devdopment of the control plants. The control plots were 
dusted 11 times during the period oi development from the jointing 
stage to maturity. The dust was applied whenever it seemed neces¬ 
sary because of removal by rains. 

In addition to the above-described sowing, a very leaf-rust-susc.ep- 
tible selection of Michigan Amber wheat was sown in the same block 
in 8 plots of 16 rows each. One extra row between plots and the out¬ 
ermost unharvested rows of each plot served to guard against sulphur 
^fting. By variations in the time at which the dusting was started 
in the several plots, four different degrees of severity of rust were 
produced. These "blots were in duplicate for each of the dusting 
treatments. The plots dusted, beginning at the jointing stage, boot¬ 
hs stage, and flowering stage, ana the nondusted plots developed 15, 
52, 100, and 100 percent, respectively, of leaf rust at maturity. Al¬ 
though no difference could be seen in the amount Of rust at niaturity 
OB' the plants of the last two treatments mentioned, the rust devel¬ 
op^ to ;ts maximum later on the plants dusted at flowering time, 
and ihfe foliage reihained aKve longer than on the nondusted plants. 
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Notes on leaf rust were taken for each variety for oa,ch treatment on 
June 16, 20, and 21 and July 1. On the first date little killing of tKe 
upper leaves had occurred as a result of ripening or rust attack. By 
June 27 most of the leaves were dead or entirely chlorotic, ‘^he 
average number of living leiwes per tiller and the leaf-rust severity 
for each living leaf per tiller were estimated for a number of repre¬ 
sentative tillers on these different dates. Rust severity was esti¬ 
mated according to the scale adopted by the Division .of Cereal 
Crops and Diseases. The percentages of rust for June 16 represent 
the average estimated amount of rust per tiller on leaves living at 
that time. The percentages of rust infection recorded for June 20 and 
27 and July 1 are based on the maximum amount of rust that had 
developed prior to any one of the given dates on all of the leaves per 
tiller that werf alive on June 16, even though some or all of them 
may have been dead when the notes were taken on the later dates. 

^^ield data were taken from the 2 center row^s of the 4-row plots and 
from 12 center rows of the 16-row plots. The ends of the rows for a 
distance of 1 foot were discarded in harvesting the plots in order to 
avoid border effect. In presenting the yield data the probable errors 
of the means of the replicate 4-row plots have been calculated by the 
deviation-of-the-mean method (6*). 

Detailed methods pertaining to separate phases of the study are 
given later. 

EFFECT OF LEAF RUST ON YIELD 

GRAIN 

Leaf rust was responsible for very marked decreases in yield of 
winter wheats, as determined by the comparison of replicated con¬ 
trol (sulphur-dusted) plots and heavily rusted plots. The pertinent 
data are given in tables 1 and 2. The yields of the susceptible 
varieties, Shepherd, Michigan Amber, and Gladden, were reduced 

28.4, 20.8, and 14.8 percent, respectively. The reduction for Nittany, 
moderatelv susceptible, was 8.2 percent and for the slightly more 
resistant furkoff only 2 percent. 

The control (sulphur-dusted) plots of the more resistant varieties, 
Kawvale and Fultz selection, yielded less than the rusted (nondusted) 
plots (table 1)."^ The differences amounted to 3.4 and 12 percent, 
respectively. The difference for Kawyale is not statistically signifi¬ 
cant, but that for Fultz selection is 3.3 times its probajjle error. 
Likewise, the yield of the rusted plots of Fulhard slightly exceeded 
that of the control plots, although the former were very severely 
rusted and dusting might have been expected to increase the yield. 
The lower yields of the control plots of these three varieties suggest 
the possibility of an inhibitory action of the sulphur on the plant 
development and that the effect may vary with different varieties. ; 

The reduction in yield of Michigan Amber was closely pr^ortional 
to the estimated leaf-rust severity (table 2 and fig. 1). .Thus, the 
plots having infections of 15, 52, and 100 percent of late development 
and KJO percent of earlier development produced average yields of 

38.4, * 3^ *2, 31.3, arid 30.*4 bushels ]^r acre, respectively. 


<*TIie nondusted plots of Fultz selection, in conformity with the nondusted plots o7 other varieties, aip 
designated in the tables as rusted plots, although little rust developed on them because of their natural 
resistance, • 
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Table 2. —Effect of leaf rust in different degrees of .severity oh yield of grain and 
protein per acre^ te,st weight per bushel, and weight per 1,000 kernels of Michtgah 
Amber wheal 








Loss in 


Stage of plant matu¬ 
rity at oegiimJng of 
dusting 

Maxi¬ 
mum leaf- 
rust si'ver- 
ity 

Acre yield 
of grain 

Oram loss 
m rusted 
plots 

Test 

weight 

per 

bushel 

W’eight 
per 1,000 
kernels ' 

weight 
I)er 1.000 
kernels in 
ru8te<l 

Acre yield 
of pro¬ 
tein'* 






plots 

• 


i 

J‘ercf ut 

Hunheln 

JWcent 

Poundu i 

(trains 

j 

Percint ' 

Pounds ; 

Nondu.sted-. 

100 

30 4 

20 8 

.58 2 i 

32 3 

8. 24 I 

103. 3 

Flowering 

100 

.31 3 

18 5 

.58 5 i 

32 9 

« .53 

173 9 

Booting - - - 

Control (jointing) 

52 

34 2 

i 10 9 

59 3 I 

34 4 

2 27 

197 8 

15 

38 4 


1 59 7 

35 2 

; 

233 8 


J*rotein 
loss in 
rusted 
plots >• 


Percent 
30 2 
25 « 
15 4 


« Averages of deter ini fltttions from duplicate 12 rod-row plots 

* i\irceritagescal(;ula4ed on husisof (he plots in which ilustinn; was l epun at the joimlnp staije 
' Determined on air-dry basis. 

Determined on dry-weipht basis 

STRAW 

When the ^rain was threshed the total weights of the harvested 
hiindles, ineluding grain, were recorded. At that time the bundles 
had dried in the held for 8 days under excellent drying conditions and 
were a])pHrently air-dry. The re¬ 
corded yields of straw (table 1) are 
average weights foi- four rt^plicated 
plots based on these bundle weights 
minus the w^eight of the grain 
threshed from them. The probable 
errors were calculated in the same 
manner as were those for the grain 
yields. 

The effect of leaf rust on yield of 
straws of each of the several varieties 
in the experiment was very similar 
to that on the yield of grain. In 
the susceptible varieties, Shepherd 
and Gladden, the yield of straw’ 
was reduced 13.3 and 14.2 percent, 
respectively, and in the less sus¬ 
ceptible Nittany, 10.7 percent. In the moderately resistant varieties, 
Kawvale and Piirkotf, no appreciable difference was noted between 
the yields of straw from the rusted and the control plots. The rusted 
plots of Fultz selection, the highly resistant variety, yielded 7.3 per¬ 
cent more straw than did the control plots. 

The straw yields of the replicated plots varied considerably and thus 
led to a much larger probable error in relation to yield than was found 
for the grain yields. From a statistical standpoint the effect of rust on. 
the straw yields is of doubtful significance. The effect, however, is iii* 
harmony with that for the yields of grain. 

NATURE OF YIELD REDUCTION CAUSED BY LEAF RUST 

Tbeleffect of leaf rust^on the number of kernels and weight of grain 
per hei^ was studied in the following three varieties of winter whe^t: 
Shepherd (susceptible), Nittany (moderately susceptible), and Fultj?5 
selection (highly resistant). In addition, the effect of varying-severi¬ 
ties of leaf-rust infection on kernel number and weight was studied in 
Michigan Amber (highly susceptible). The variations in the dusting 



and protein content of Michigan Amber wheat. 
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procedure to produce these varying severities of rust are described 
above The pertinent data for all varieties are givfn in table 3. 

^ REDUCTION OF NUMBER OF KERNELS PER HEAD 

The most heavily rusted plants of the highly susceptible Michigan 
Amber suffered an average loss of 4.65 kernels per head as compared 
with the control plants, or a reduction of 16.69 percent. The average 
numerical, kernel loss per head in Shepherd was 4 91 kernels, but, 
owing to the larger heads, the percentage loss was 13 85 percent, or 
less than in Michigan Amber (table 3). These losses appear to be 
statistically significant. In the less susceptible Nittany tne loss was 
only 1 13 kernel-, per head, or 3.91 percent The loss was statistically 
significant, however 

In the very resistant Fultz selection the difference, in number of 
kernels was in favor of the rusted plants, as it was in yield, but this 
difference was small and not significant. In Michigan Amber the 
percentage reduction in number of kernels per head was found to 
vary regularly in proportion to the rust severity. 

REDUCTION IN WEIGHT OF KERNELS 

Leaf rust also markedly reduced the weight of kernels in the sus¬ 
ceptible varieties Thus, the weights of the individual kernels from 
rusted plants of Shepherd and Michigan Amber were reduced on an 
average of 5.95 and 7 10 percent, respectively, as compared with 
kernels from the control plants. The loss in weight per kernel of 
Nittany was only 1.53 percent, whereas that of the rusted plants of 
the resistant Fiiltz selection again, as in number of kernels, very 
slightly exceeded that of the control plants, the kernels being 0.92 per¬ 
cent heavier than those.of the controls. Reductions in kernel weight 
also were proportional to rust severity, as is shown in the Michigan 
Amber series, although the most important effect of rust on yield was 
expressed in a n umencal reduction of kernels per head. The red uction 
in weight was not caused by a visible shrinkage of the kernels, for 
kernels from rusted plants apparently were as plump as those from 
the control plants. 

Mention should be made here of the comparison between weight 
per kernel presented in table 3, as determined from the 100-head 
samples of the larger heads of uniform size taken from the 
standing grain, and the weight per kernel as determined from 1,000 
kernels of tlie threshed grain (tables 1 and 2). The weight of grain 
in grams per 1,000 kernels as given in tables 1 and 2 may be compared 
directly with the data in taWe 3. As would be expected, in every 
case the weight per kernel of the selected heads is greater than that 
of the threshed grain. On either basis, however, the same trends 
may be noted in the effect of rust on kernel weight. 

A similar comparison may be made between ftc reduction in yield 
per acre of threshed grain (tables 1 and 2) and the reduction in 
weight of grain per head calculated from the samplee of 100 heads 
(table 3). In Michigan Amber the agreement in percentage,losses 
determined by the two methods is very close/while in Shepherd *and 
Nittany there, are considerable differences. Since the data from the 
thredhra grain of the entire plot must be considered the more reliable, 
the resblts from the relatively small lots of 100 heads should be ac¬ 
cepted as indicative of trends rather than as representative of the 
actual conditiona within the plots. 
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KELATIVE IMPORTANCE OP REDUCTION IN WEIGHT AND NUMBER OF KERNELS 

• 

’ The loss in yield of grain per head caused by, leaf rust through 
reduction in munber of kernels has been calculated by multiplying 
uh^’mean weight per kernel of the grain from the control plants by 
the mean loss of kernels per head of-the rusted plants. The loss 
through reduction in size of kernel has been calculated by multiplying 
the mean loss in weight per kernel of the rusted plants by the mean 
number of kernels per head of the rusted plants. The sum of these 
losses (table 3) equals the mean total loss per head. 

In all cases where leaf rust caused a loss, the reduction in number 
of kernels accounted for approximately three-fourths of the loss per 
head and the loss in kernel weight the remainder (table 3). This 
approximate ratio changed but little, regardless of the severity of the 
infection or the susceptibility of the varieties. Thu/?, in Shepherd 
and Nittany, which varied greatly in the severity of rust, the 
ratios between the two loss factors were nearly identical. In Micliigan 
Amber the latios varied somewhat in the plots under different rust 
attacks, but no significant trends in relation to rust severity are 
evident. 

Since leaf rust was very light during the seedling stage of the grain, 
it appears unlikely that the number of tillers or heads per plant could 
have been appreciably affected. This factor has, therefore, been 
disregarded in considering the manner in which leaf rust reduced 
grain yields for this year. 

The finding for the susceptible varieties were very similar to those 
of Mains (14) and Johnston (10), who showed that loaf nist of wheat 
reduced the yield of grain of infected plants primarily by reducing 
the number of kernels per head and to a lesser degree by reducing 
the weight of the kernels. 

EFFECT OF LEAF RUST ON PHYSICAL CHARACTERS OF GRAIN 

The most marked visible effect of rust on the grain was a reduction 
in the proportion of vitreous kernels in the gram from rusted plants 
as compared with that from the control plants. This ph.ysical con¬ 
dition was correlated with a reduced protein percentage content of 
the grain as shown in tables 4 and 5. All the susceptible varieties 
studied were thus affected, and in all varieties the difference in kernel 
cxilor made it possible to distinguish easily the grain of the rusted, 
plants frdm that of the controls. In the soft wheats the kernels 
from rusted plants were soft and starchy throughout, whereas those 
from the control plants tended to have vitreous tips. In the hard 
and vitreous Fulhard and the semihard Kawvale a physical separation 
of the kernels could be made into the three classes, (1) soft or starchy, 
.(i2) piebald—those copiprising mixed starchy and vitreous areas—and 
'(3) vitreous (table 4 and fig. 2). In Fulhard 73.9 percent by weight 
o/ the kernels were vitreous and 26.1 percent were piebald for the 
control plants. Under severe rust attack the ratios were nearly 
reversed, only 20.4 percent of the kernels being vitreous and 79.6 

? ercent piebald. The same tendency wa^ expressed in Ka'wvale. 
'1^ induced starchiness or piebaldness in all varieties is identical 
•wiuh the eondition classified as vellow berry in the hard-wheat grain 
• trad^. - Mains (14) has riqportea that leaf rust tends to increase tlie 
{Proportion of yeUow-berrv kernds of plants artificially inoculated 
with leaf rust in tl\p greenhouse. 
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In Fultz selection, the resistant variety, where only 7 perceftt of 
rust occurred on the nondusted (rusted) plots, there were no visible 
differences between the^ physical characters of the grain froin the 
control and the nondusted plants (table 5). This was correlated witir 



Kkjure 2.- A, Wheat from plots of rusted Fulhard plants Hij;h iiercentage of yellow-berry kernels, a 
condition Iwre caused directly by leaf rust B, Wheat from control (sulphur-dusted) plots urown under 
approxijnattdy identical conditions except for the absence of leaf rust 

distinctly similar protein and starch contents of the grain from the 
dusted and nondusted plants. 


Table 4. —Effect of leaf rust on relative percentages hy weight of intreoiis, piehaldt 
arid starchy kernels in hard (Fulhard) and semihard (Kawvale) winter-wheat 
varieties “ 


. 

V'ariety 



Maxmiuiii 


Kernel type 


r r, no. 

Kind of plot 

leaf-rust 

— — — 

--- 

- — 




severity 

Vitreous ■ 

Piebald 

Starchy 

Fulhard . 

i 

K25» 

Kusted- - 

Percent 

100 

Percent 

20.4 

Percent 

7».6 

Percent 




Control 

10 

73.0 

2fi. 1 

. 

Kawvale. 

8180 

Rustod- - __ 

45 

JO 6 

«0.3 

20. 


Control. 


20 7 

75.4 

3. 


* Determined on 20-Rrani samples of Rraiu. 


Heavy leaf-rust infection had only a small, although consistent, 
effect on the test weight per bushel of the grain of the susceptible 
varieties. Gladden and Michigan Amber were most affected, both 
being induced in test weigl^t by 1.5 pounds per bushel. In test weight, 
as in yield, Fulhard was unaffected by the heavy rust in spite of Oje 
fact that the rust caused the production of a high I)roportion of 
yellow-berry kernels. The test weight of Fultz selection was slightly 
higher for the rusted plot. 
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Table 5,— Effecfof^leaf rust on chemical composition of mature grain of winter^ 
wheat varieties of differing degrees of susceptibility to leaf rust 


0 

Variety 

C.I. 

no 

Kind of plot 

Maxi¬ 
mum 
leaf- 
rust se¬ 
verity 

Dry 
weight 
of grain; 

per 
head ^ 

Protein 
• (NX6.» ■ 

Su¬ 

crose 

Starch 

Phos¬ 

phorus 

(Pj05) 

Total 

ash 



1 

Pfmnt 

Grams 

Percent 

Pd. 

Pd. 

Percent 

Pd. 

Shepherd . . » 


Husted 

100 

0.868 

10.25d;0.08 

1.52 

71 7 

1.18 

2.00 



Control - 1 

13 

1.070 

ll.OOdh . 10 

1.73 

70.0 

1.21 

2.17 

Michigan Amber . 


Rusted 

100 

.685 

10.20 

1.12 

71 4 

1 14 

2 07 



Control 

15 

.886 

11.53 

1.49 

70.5 

1.13 

2.00 

Gladden. 


Rusted . . 

100 

- 

9.45 

1.30 

72.7 

1 12 

1 96 



Control.-- 

15 


10.81 

1.58 

69.6 

1.13 

1.95 

Fulhard. 

8259 

Rusted... 

100 


10.15 

1.37 

71.7 

1.13 

1.95 



Control.- 

10 


12.00 

1.52 

70.6 

1.17 

2 10 

Nittany. 

- 

Rusted. .. 

76 

1.'088' 

10.70d: .09 

1.55 

69.7 

1 24 

2 13 



Control. 

10 

1.128 

U 62d= . 10 

1.65 

67.9 

1 23 

2.13 

Purkoff - - . 


Rusted 

05 


i 10 27 

1.32 

,71 3 

1 09 

1 95 



Control.- 

8 


11.38 

1.55 

'70.8 

1 11 

1.98 

Kawvale. . 

K180 

Rusted 

45 


10.19 

1 29 

72.2 

1.12 

1.87 



Control 

5 


10 5H 

1.43 

70.6 

1.09 

1 88 

Fultz selection . . 

11612 

Rusted 

7 

' ,913' 

1 10 .09 

1 21 

68.7 

1 14 

1 94 



Control . . 

3 

.876 

11 m± .09 

1.26 

69 0 

1 16 

2.01 


o Determined on the threshed grain from each of 4 replicated plots of Shepherd. Nittany. and Fultz 
selection, on a composite sample of threshed grain from 4 replicated plots of Gladden, Fulhard, Purkoff, 
and Kawvale and on threshed grain from duplicate plots of Michigan Amber. 

fc Determined on the oven-dry basis on a eomiwsile sample of lOO ripe heads from 4 replicated plots of 
Shepherd, Nittany, and Fultz selection and from duplicate plots of Michigan Amber 

EFFECT OF LEAF RUST ON CHEMICAL COMPOSITION OF GRAIN 
AND COMBINED CULMS AND LEAVES 

METHODS 

A chemical study was made on the kernels and combined culms and 
leaves of three varieties, including the susceptible Shepherd, the 
moderately susceptible Nittany, and the highly resistant Fultz 
selection, under conditions of severe and light leaf-rust infection. A 
similar study of the effects of different degrees of leaf-rust severity 
was made on the susceptible variety, Michigan Amber. In these 
studies the plants were sampled for analyses when in the early milk, 
late milk, and dough stages. In addition, analyses were made of the 
threshed grain of the above-mentioned^ varieties together with that of 
Gladden, Fulhard, Purkoff, and Kawvide, also grown under conditions 
of severe and light leaf-rust infection. The seeding methods and the 
rust-control methods are described above. 

Samples for analysis consisted of 100 tillers selected from the repli¬ 
cated iMotc’; except on June 16, when they consisted of culms and leaves ‘ 
of only 50 tillers and heads of 100 tillers. Through eiTor only 75 heads of 
Nittany were sampled on that date. Only the larger tillers that ap¬ 
peared to be in a umform stage of development were smected. The culms 
were clipped as close to the ground as possible. A proportionate part of 
f;he 100 tillers of each sample was taken throughout the central 16 feet 
of one row in each of ine replicated plots. In order to avoid the excep¬ 
tionally rank plants at the row ends, no tiUers were taken from either end 
of the rows for a distance of I foot. Outside rows only, except for Mich- 
ig^ .^ber, were sampled, the innw two rows being reserved for deter¬ 
mination of final yield and composition of the mature nain, Thus, each 
oHhe rows sampled in the eany milk, late niilk, ana dough stages was 
l^dered on one side by a row of the same variety and on ^e oppo^ 
tilde by .that of another. This arrangement was timilar in both the 
epntm and rusted plots. In the Michigan Amber series inner rows of 
thf FOte wore available for taking the samples for chemical analyses. 
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The head samples clipped from the culms in the laboratory imme.- 
diately after collections were made were dried in a vacuum oven at 
70® C. Wlien dry, the kernels were separated from the chaff by hand. 
The culms and leaves were weighed and finely chopped immediat6Ty 
after gathering;. Representative samples were then taken for analysis 
and dropped into boiling alcohol containing calcium carbonate. At 
the fully ripe stage only the threshed grain was analyzed. 

The samples of combined culms and leaves were ana^zed for 
content of nitrogen, reducing sugars, sucrose, and starch. The same 
determinations were made on the kernels with the addition of deter¬ 
minations of phosphorus and total ash. Nitrogen was determined by 
the Kjeldahl method, phosphorus by a modification of the Neumann- 
Pemberton volumetric method, reducing sugars by a combination of 
the luethods o^Quisurnbing and Thomas and of Bertrand, sucrose by 
the inyertase method, and starch by the takadiastase method. The 
total nitrogen of the grain has been reported as protein (Nx5.7). 
Qualitative tests indicated the absence of nitrate nitrogen in all the 
materials analyzed. It is realized that the small percentages of 
material of the culms and leaves, determined as starch by the taka¬ 
diastase method, may represent levulosans rather than true starch. 
Since the results of sugar and starch determinations on the immature 
kernels were very irregular and unsatisfactory, probably owing to 
enzymatic, action occurring during the drying process of the heads, 
they are not reported here. All analytical <lata reported in this 
paper have been calculated on the dry-weight basis. 

The probable errors for protein content were determined by the 
deviation-of-the-mean method (6) on the four replicated plots of 
Shepherd, Nittany, and Fultz selection in both the control and rusted 
series. 

GRAIN 

Protein 

The outstanding finding of the chemical study is that leaf rust, on 
susceptible or partly susceptible wheat varieties, markedly reduced 
the protein content of the grain. Tliis held equally in the soft red 
winter wheats, as represented by the varieties Shepherd, Michigan 
Amber, and Gladden, in the hard red winter variety, Fulhard, and in 
the seriiihard varieties, Purkoff and Kawvale, as shown in tables 5, 6, 
and 7, and figures 1,3, and 4. * ^ 

This reduction in protein appeared to be in approximate proportion 
to the severity of the rust on the plants. It was demonstrated with 
Michigan Amber, in which the different dep-ees of severity of rust 
at maturity were produced by beginning the dusting treatment of 
different plots at successively later dates, i.e., at the jointing, booting, 
and flowering stages, while others were not dusted. The plots that; 
became infected with leaf rust to the extent of 15, 52, and 100 percent 
of relatively late development and 100 percent of earlier deyelopment 
produced grain containing, respectively, 11.53, 11.00, 10.53, and 
10.20 percent of protein (table 7 and fig. 1). That the percentage 
of pmrffein is affected iif approximate proportion to the rust severity 
alsQ is Aiown by the other varieties, the protein content of the mos^ 
susceptible varieties being very distinctly reduced, while that of the 
re^tant varieties was not appreciably affected. ‘ The effect on, the 
moderately susceptible and moderately resistant varieties was inter¬ 
mediate between these two extremes. Thus, the protein content of 
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SJiepherd (rusted 100 percent), Nittany (rusted 75 percent), and 
Fultz selection (rusted only 7 percent) was 1.65, 0..92, and 0.16 per¬ 
cent less, respectively, than that of the controls (table 5). 

differences in protein content of the grain from the rusted and 
control plants became pronounced sometime .between the late milk 
and dough stages (tables 6 and 7 and fig. 3). It was immediately 
before this period that the rust infection reached its maximum on 
most of tlie varieties. Small differences in percentages of protein 
due to leaf rust were consistently found in the grain of susceptible 
varieties in the late milk stage and be(‘ame progressively greater as 



Fiouke 3.—Percentage of total nitrogen present in grain and vegetative portiorus of rusted and wmtrol 
wheat plants from the early milk stage to maturity. 

the grain approached maturity. As shown in figure 3, the protein 
percentage of the grain of all varieties sampled in the earlier stages 
.fell greatly between the early milk and late n)ilk stages for both the 
rusted and control plants. Thereafter the proportion as well as the 
tptal quantity (fig. 4) of protein per bead rose in both the rusted and 
control plahts. This is similar to the findings of Brenchley and Hall 
(2), Thatcher {21), Woodman and Engledow {22), Kiesselbach {12), and 
Saunders {18), who studied chemically the development of the-normal 
k^el. It is to be noted, however, that the drop in the parentage 
, of protein is not so p-eat in grain from control plants as in grain fr 6 m 
plants, and that the subsequent rise is greater in the former.* 
reduction in the proportion of protein was associated with a 
Binuiw reduction iq the total dry weight of the grain per head and in 
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acre yield for all susceptible varieties except Fulhayd, where no sig¬ 
nificant change in yield was induced by the rust (fig. 2). The accu¬ 
mulation of nitrogenousjuaterials in the kernels was continuous from 
the early milk stage until maturity <l> in both the rusted and cohtiwl 
plants, but it was more* rapid-and greater in the controls (fig. 4). 

The total acre production of protein is of interest, especially in the 
hard wheats, in which the relative value of the crop is in a large degree 



Fiui'RK 4.- Total quantities rier tiller of total nitrogen (In milligrams) in grain and vegetative portions of 
rusted and control wheat plants, from early milk stage to maturity. (Since the dry weight of the sample? 
from the rusted plot of Michigan Amber was accidentally not determined on June 1, the value given on 
that date Is for the plots first dusted in the flowering stage, which were also vseverely rusted.) 

dependent on the protein content. Since both the quantity of grain 
and the proportion of protein were reduced by leaf rust in most of 
the 8ul<Jcptible varieties, the acre yield of protein, which is a function 
of .the \wo, was grSatly affected. In Shepherd and Michigan Amber 
the yields of protein were reduc.ed 38.3 and 30.2 perconl, respectively 
(tables 1 and 2). In Fulhard, in which yield of grain was not feduced 
by rust, the protein yield was reduced 14.6 percent. 
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Starch and Suorobb 

Tho gcreater portion of the dry weight of the mature grain consisted 
of, starch, which varied from approximately 69 to 73 percent in the 
various samples analyzed. Since protein and starch are two of the 
major constituents of the grain, one Inight expect to find, as was 
found, that a certain fluctuation in one would be refle’cted in a reverse 
fluctuation in the other. In the susceptible and moderately sus¬ 
ceptible varieties, from approximately 1 to 8 percent more starch 
was consistently found in the less proteinaceous grain of the rusted 
plants than in that from the control plants (table 5). On the other 
hand, very little difference was found between the starch content of 
the grain from rusted and control plants of the resistant Fultz selection. 
Here again there is evidence that the sulphur dusting did not affet^t 
the composition when leaf rust was not a factor. 

The percentage of sucrose in the grain, in contrast to that of the 
starch, was consistently lower for the rusted than for the control 

f lants, although but small percentages were found in either case 
n general, the most susceptible varieties showed the gi'eatest differ¬ 
ences In Michigan Amber the sucrose content of the mature grain 
was 1 49, 1.45, 1 83, and 1.12 percent for plants ranging from light 
to very severe in leaf-rust infection. 

Phosphorus and Total Ash 

Leaf rust produced no significant changes in the phosphorus content 
of any variety in either the immature or mature grain. The same 
can be said of the total ash content, namely, that, although the 
varieties differed, the grain from the rusted plants of a given \ ariety 
was very similar to that of the control plants of that variety. Since 
the head and acre yields of the heavily rusted plants were considerably 
reduced, the total ouantities of ash and phosphorus per head were, of 
course, greater in tne control plants. 

COMBINED CULMS AND LEAVES 
Total Nitrogen 

In contrast to the grnin, the vegetative portions, i.e., the culms 
and leaves, of the rusted plants contained a distinctly higher propor¬ 
tion of lytrogenous components than did corresponding parts of the 
control plants. Thus, the rusted plants, although higher than the 
control plants in respect to the proportion, and usually the total 
quantity, of nitrogenous materials, produced a distinctly leas nitrog¬ 
enous grain than did the control plants (tables 5, 6, and 7 and 
figs. 3 and 4). 

This difference in nitrogen content of the culms and leaves, caused 
by leaf rust, was* evident in the susceptible varieties in the early 
milk stage and had become more pronounced at the latest period of 
sampling, when the kernels were m the dough stage. The greatest 
difference at the dough stage was observed in Michigan Amber, in 
which the most heavily rusted plants contained 0.305 percent of 
tctal nitrogep in the culms and leaves, as contrasted with 0.22 per¬ 
cent in the control plants, an actual retention of a 38.6 percent greater 
concentration of mtrogen in the rusted than in the control plants. 
In Fultz selection, the most resistant variety, the concentration of 
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nitrogen in the rusted plants exceeded that of the control plants by. 
only 8.3 percent. This indicates that the rust was primarily respon¬ 
sible for the much greater differences between the rusted and control 
plants of the susceptible varieties. 

At the hard-dough sUige the plants of Michigan Amber bearing 
different severities of leaf-rust infection presented a graded series as 
regards percentage <)f total nitrogen content of the culms and leaves 
(table 7). With slight deviations this also held in the earliei' stages. 

The total ({uentity of nitrogen retained in the culms and leaves of 
the rusted tillers was usually greater than that in the control tillers, 
even though these parts of the rusted tillers actually contained less 
dry matter (fig. 4 and tables f> and 7). Jn contrast, the grain from 
these rusted tillers contained much lower quantities of total nitrogen 
than did that frpm control tillers. 

In the analvsis of the culms and leaves the rust mycelium and 
spores that still adhered to the plants were necessarily analyzed with 
the host-plant tissues. Since this nitrogenous material was taken 
from the host plant by the fungus, it seems reasonable to consider it 
with that of the rusted host-plant tissues. From these studies there 
is no means of knowing whether the excess of nitrogen in the vegeta¬ 
tive parts ()f the rusted ])lant as compared with the control plants 
was largely incorporated in the fungus or held in the host-plant tissues 
through a possible interference with translocation or metabolism. 

SlK’KOSK 

As judged from the nearly rust-free control plants and tlie resistant 
varieties (tabh's 0 and 7) the sucrose content of the culms and leaves 
normally dropped from a range of about 15 to 20 percent at the early 
milk stage to from one-fourth to one-half of this content at tfie dough 
stage. The rusted plants of the several susceptible varieties showed a 
much more decided drop in this constituent (tables (> and 7). For 
example, the sucrose content of leaves and culms of the Michigan 
Amber control plants fell fron\ 17.54 pendent in the early milk stage 
on June 10 to 4.50 percent in the hard-dough stage on June 27. 
During the same period the rusted plants showed a drop from 13.04 
to 0.84 percent in sucrose. This reduction of sucrose in Michigan 
Amber varied directly with the abundance of rust, as shown in table 
7, whi<‘h also shows that plants ranging ip rust infection from light to 
heavy had a sucrose content of 4.50, 3.10, 1.21, and 0.84 perce^it at the 
hard-dough stage. The differences between the sucrose content of 
lightly and heavily rusted ])lants had already becoir.e evident at the 
early milk stage on June 10. As a check on the sulphur-dusting 
method of studying the effect of leaf rust on the host, the extren^ely 
resistant Fultz selection show's only a slight effect of the rust, or 
possibly that of the sulphur, on the sucrose content of the vegetative- 
parts. Since the nondusted (rusted) plot of this variety had 7 per(‘.ent 
of rust, the small difference of 1.47 percent between the rusted and* 
control plants may be largely accounted for as an effect of the rust 
attack rather than as a direct effect of the sulphur on the plant 
metabofijSm. 

Reducing Sugars 

•• • 

IJi contrast to the sucrose and as judged by the control plants and’ 
the resistant Fultz selection, reducing sugars in the culms and leaves 
normally tended to accumulate as the plants matured. This increase 

71187—34-2 



‘1066 


Journal’’qf Agricvlturnl Research 


Vol. 48, no. 12 


.was approximately 100 percent from the early milk to the dough 
stages (tables 6 and 7). Unfortunately, no analyses were made of the 
vegetative parts when f ully ripe. Heavily rusted plants failed to show 
“"iTnis accumulation of reducing sugars, the percentage content remain¬ 
ing about the same from the earl^ milk to the dough stages. The 

t raded series of nist severity on Michigan Amber (table 7) produced a 
istinct gradient in the reducing-sugar content of the culms and leaves, 
with percentages of 6.17, 4.28, 2.94, and 2.55 resulting on June 27 
from leaf-rust infections, ranging from light to very heavy. 

Starch 

Starch, or the materials determined as starch by the described 
method of determination, is a relatively unimportant constituent of 
the culms and leaves of the wheat varieties studied; composing only 
about 1 to 1.5 percent of the total dry weight. Leaves and culms of 
the control plants, as they mattired, showed no definite changes in 
this constituent. Leaf rust apparently has little or no important 
effect on these materials. It is recognized that the materials here 
described probably represent levulosans instead of starch. 

DISCUSSION 

The findings reported in this paper add further evidence to those 
supplied by Kightlinger and Whetzel (ft?), Mains (f^), and Johnston 
{ 10 ) that leaf rust is a very important factor affecting yield of winter 
wheats in the United States. The losses of more than 28 percent in 
the yield of Shepherd and 20 percent in that of Michigan Amber are 
probably fairly representative of the destructiveness of a severe leaf- 
rust epiphytotic on susceptible winter wheats in Indiana. St 2 ch 
epiphytotics are not infrequent there, and most of the (‘nmmercial 
varieties are extrem,ely susceptible to this disease. 

Fulhard probably was the most severely rusted variety in the test, 
yet its yield was not reduced. This is the more puzzling because the 
physical characters and chemical composition of the gram of Fulhard 
were more greatly affected bv th8 rust infection than those of any 
other variety in the trial. Salmon and Laude { 17 ) reported a similar 
result with Fulhard in 1929. They found a distinct relationship 
between leaf-rust resistance and yielding ability in 24 varieties 
tested for yield. Although Fulhard was one of the varieties mbst 
severely attacked by leaf rust, it produced the highest yield of the 
entire group. 

No satisfactory explanation can be given to account for the appar¬ 
ent depression of yield in the sulphur-dusted plots of the Fultz 
selection, the highly leaf-rust-resistant variety. All of the replicated 
‘ pints of this vanety that were not dusted were located beside a 2-foot 
nursery path but protected from, border effect by one guard row of the 
•same variety. It is possible that border effect extended into the 
harvested rows of this variety, thus increasing the yield. However, 
a similar but less pronounced depression of yield in the sulphur-dusted 
pilots occurred also in the 8em.iresistant Variety, Kawvale, in Vhich 
'•there was no possible border effect. It is also possible that,-since leaf 
' tust yras not a facjtor in the yield of the rusted plots, a possible injurious 
effect of the sulphur may have become apparent in the yield of the 
control plots. 
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Very little study has been made of the effect of cereal rusts on the 
composition of the infected host plants and the grain produced by them*. 
The opinion is commonly held that both stem rust and leaf rust tend 
to increase the protein percentage in the wheat grain. But 
experimental data have been,found in the literature to support this 
view, and these cannot be accepted without question. In 1889 Harper 
' (5), in an analysis of shrunken, ^^rusted or frostedwheat from 
Minnesota, found that it contained more than 2 percent nmre protein 
than did the well-filled grain. Shutt (/.9), in Manitoba, and Snyder 
(20)j in Minnesota, analyzed both the straw and grain of severely 
stem-rusted and stem-rust-free wheat plants. Both found that the 
percentage of crude protein was much higher in the straw and grain 
of rusted plants than in the straw and grain of nonrusted plants. 
Shutt reported that the gi'ain from rusted wdieat contained 13.69 
percent of prolein, as compared to only 10.50 percent in the rust- 
free wheat. Snyder found that the grain from, heavily rusted plants 
contained 16.37 percent of protein as compared to 13.34 percent in the 
rust-free plants. Shutt found three times as much crude protein in 
rusted straw as in rust-free straw. Snyder^s findings relative to the 
protein content of the straw accorded with tliose of Shutt. Ince 
(9), in North Dakota, found rusted straw much higher in protein 
than was nonrusted straw. 

If stem rust tends to increase the protein content of the grain, as 
these data seem to show, the effect is directly contrary to that of 
leaf rust, which undoubtedly decreases the protein content. Neither 
Shutt nor Snyder states just how rusted and nonrusted plants w’cre 
obtained from the one field sampled in each case. It would seem 
likely that under conditions of a severe stem-rust epiphytotic it w^oiild 
be necessary to take rusted and nonrusted samples from relatively 
low^ and high elevations, respectively, of the single field, which, if 
done, might alone account for the variations in protein content of 
the grain, as shown by Newton and Malloch {16). 

Contrary to the findings of both Shutt and Snyder, Headden 
working in Colorado, concluded that a heavy stem-rust epiphytotic 
in 1915 was responsible for the low protein content of certain wheat 
varieties grown that year as compared with the protein content of 
the same varieties grown in 1913, when rust was not an important 
factor.’ Ilis conclusions were based on the fact that the two crops 
were grown on the same piece of land and in both years had received 
identical irrigation and fertilization. lie found that a greater per¬ 
centage of the total nitrogen of the plant remained in the straw in 
the rust year of 1915 than was the case in 1913. This was in general 
accord with the results of Shutt and Snyder. Headden attributes 
this condition to the interference of the rust in the translocation of 
nitrogen into the head. Thus, his interpretation of the effect of; 
stem rust on the movement of nitrogenous compounds in the plant 
is similar to the writers’ findings for leaf rust. However, i( is possible 
that factors other than stem rust, not under control in Headden’s 
experiments, may have been responsible for the low-protein grain of 
1915». * Mangels and Stinderson (15) concluded, on an apparently 
more secure basis, that stem rust tends to reduce the protein content 
of "the grain. In 1922, when stem rust was severe at Fargo, N.Dak., 
thhy found that the rust-susceptible varieties produced grain “quite 
low” in protein content and that the grain of the most susceptible 
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varieties was lowest in protein. Since the varieties studied had not 
shown these differences in protein percentages in years when stein 
rust was not a factor, they believea that s.tem riist was responsible 
fffr'thein. 

Leaf rust is mentioned neither by Headden nor by Mangels and 
Sanderson. If present it might have been largely responsible for the 
low protein content attributed to stem rust. The literature reviewed 
on the subject apparently affords no sound basis for an opinion 
regarding the true effect of stem rust on the protein content of the 
wheat kernel. 

In 1927, Broadfoot (3), working in Minnesota on spring wheat 
grown in leaf-rusted plots and plots in which the rust was partly con- 
tiolled by sulphur dusting, concluded that leaf rust was responsible 
for a slight increase in protein content and a slight sjhriveling of the 
grain. This is contrary to the conclusion of the writers. Because 
of the irregularity in the protein content of the grain in the different 
plots of each of Broadfoot’s series of dusted and nondusted plots, 
the small average difference (0.30 percent) in protein, which was 
found between the two series, appeans insignificant. The shriveling 
of the kernels that he reports is suggestive of injury by heat and 
drought or by stem rust rather than by leaf rust, as shown by 
Mains {14) ^nd Johnston {U)) and by the writers in the present 
paper. In the writers^ investigations at La Fayette, hid., they 
found that yield losses of more than 25 pendent caused by leaf rust 
have not been attended by any evident shriveling of the kernels. 

The ultimate result of severe leaf-rust infection was the retention 
of a greater proportion, as well as a greater quantity, of the total 
nitrogenous materials of the plant within the leaves and stems of the 
rusted plants than w^ithin those of the control plants. The uuiters 
were unable to determine whether the retention of these materials in 
the vegetative parts is to be accounted for primarily as a direct result 
of their utilization by the fungus, as a result of direct interference of 
the fungus in metabolism or translocation of the nitrogenous materials, 
or as a (‘ombined result of these factors, because the nitrogen in the 
rust spores and in the mycelium cannot be determined separately 
from that within the host tissues. The excess quantity of nitrogen 
per tiller present at any one time in the rusted culms and leaves, as 
compared with that in the control plants, does not equal the defi¬ 
ciency 0 / total nitrogen per head in ^the mature grain from rusted 

i )lants. This fact may be partly accounted for hy the continuous 
OSS of nitrogenous material from the rusted plants in the form of 
urediospores that are scattered by the wind or that often fall to the 
ground in quantities sufficient to give the soil a distin(*tly brick-red 
cast. It is also possible that nitrogenous matt^rials may be more 
readily leached from the early-killed leaves of rusted plants than from 
the longer-lived foliage of control plants. 

• Th^ reduced nitrogen percentage in the kernels of the rusted plants 
was invariably associated with an increased percentage of starch. 
However, the fungus reduces the total quantity of nonnitrqgenous 
material available for storage as starch in «th*e kernels, as is dpmiitely 
shown in the^total quanti^ of starch per head laid down in the rujjted 
and nonrusted plants. The increased percentage of starch in the 
kernels of the rusted plants must be due to a differential effect of Ihe 
fungus on the supply of these two classes of elaborated plant food. 
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P]vidently, the impaired photosynthetic activity of the rusted plants 
due to early death ()f the leaves, is not pro])ortionately so great as is 
the effect of the fungus in limiting the nitrogenous materials available 
for storage as protein in the grain. The production of increased 
numbers of yellow-b(*rry and starchy kernels by rusted plants as 
compared with control plants is definitely correlated with a decreased 
proportion of |)rotein to starch within the kernel. The limitation of 
nitrogen by the rust s(‘ems to result directly in the i>rodu(,stion of a 
softer grain of lighter color. In the hard wheats the ])roj)ortion of 
vellow-lxM-ry kernels is increased by the leaf-rust infection, whereas 
in a soft wheat a more uniformly starchy kernel results. 

The (piality of soft wdieats may not be seriously impaired by these 
eflects of leaf rust, since low-strength flours of at least moderately 
low protein consent are desiralile in the prodiKdion of ci'ackers, pastry, 
and biscuits, for w^hich the soft-wheat flours are jirimarilv usecl."' The 
ell'ccd of a reduced protein-per(*entage content and an increased pi’o- 
portion of yellow-berry kernels, however, would constitute a serious 
impairment in th(‘ (piality of hard red wdnter wheat, where high 
strength of flour and high protein content are desirable. At La 
Fayette, Ind., the marked eflect of leaf rust on the (piality of Fulhard 
wdieat, a harcl wdnter type, sugg('sts that a similar eflect may occur 
in the hard-winter-w heat rvgion. This may 0 (‘cur especially in years 
when nitrogen is a limiting factor. 

The extreme variation in the severity of leaf rust in different years 
is apparently an important (‘ontributing factor in the variability in 
the (juality of the winter wheats from yi'ar to yi'ar. The develop¬ 
ment and use of wnnter-wdieat varh'ties resistant to leaf rust wxnild 
eliminate this factor as a cause of variability. 

So far as known, neither agronomists nor jdiysiologists have con¬ 
sidered leaf rust a factor in the yellowy-berry jiroblem, although there 
has been marked diversity of opinion regarding the relative inpior- 
tance of the influernTs of luwdity and of climatic and fertility (H)ndi- 
tions on the expiTssion of yellow' berry. Bolley (1) has ascribed the 
cause of yellow' berry, as well as bla(*k point and other kernel diseases, 
to direct infection with fungi. Later workers, Headdem (?) and 
Jom's and Mitchell (f/), have shown that yellow berry is clearly 
distinguishable from other kernel blemishes causiul by fungous in¬ 
fection and that it may be controlh'd by.cultural practice. It should 
be understood that leaf rust also may produce the yell\)wy-berry 
condition but does so through its eflect on the whole plant and not by 
direct infection of the grain. 

The significance of leaf-rust infection of experimental plots has re¬ 
ceived little recognition in studies of the normal development of the 
wheat kernel. Most workers have failed to mention its presence or 
absence. Saunders [18) has described what apparently was a moder¬ 
ately severe leaf-rust epipliytotic, which was '^rather bad^' in his 
experimental plots 11 days before the grain ripened. However, lu 
dismissed leaf rust as a significant factor in his chemical studies of the 
develoument of the kernels. This omission by investigators of the 
chenfisl^y of kerny development undoubtedly is due to the very 
sligjit effect of leaf rust on the size and shape of the gram in contrast 
to the drastic effect of stem rust, which they could not disregard. A 


» Samples of the wheats from the exiHjriments reported in this pajw have iwen experimentally milled, 
and baking studies on the flours arc in progress 
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record of tlie" occurrence of leaf rust miglit have helped to explain in 
many cases the great diversity of results in studies oi normal develop¬ 
ment of the wheat kernel. 

SUMMARY 

A study was made at La Fayette, Iiid., in 1931, of the effects of a 
severe leaf-rust epiphytotic on the yield and physical characters of the 
grain and on the chemical composition of the pain and plants of (1) 
seven varieties of winter wheat of differing depees of leaf-rust re¬ 
sistance, and (2) of one very susceptible variety infected with rust in 
four different degrees of severity. Very lightly rusted control plants 
were provided for comparison by frequently dusting the plants with 
sulphur, while variations in the dusting procedure provided a graded 
senes of severities of rust infection. 

In the very susceptible varieties, with one exception, reductions in 
yield of grain ranging from 14.8 to 28.4 percent were associated with 
heavy infections of leaf rust. The yield of Fulhard was not reduced, 
even though this variety was severely rusted. In most varieties the 
losses were approximately proportional to the severity of the rust. 
The yields of straw and gram were affected alike. 

Approximately three-fourths of the grain losses caused by leaf rust 
resulted from a reduction in the number of keniels per head, and the 
remainder from a reduction in weight per kernel. 

The most marked effect of leaf rust on the physical characters of the 
grain was a greatly increased proportion of yellow-berry or piebald 
kernels in the hard and semihard vpieties, and the production of 
kernels more uniformly soft or starchy in the soft wheats. Even under 
almost maximum severity of rust at flowering time no shriveling of 
the kernels occurred. The test weight per bushel was slightly, though 
consistently, reduced *by leaf rust. 

The percentage of protein in the grain of susceptible varieties of 
both hard and soft winter wheats was very significantly reduced by 
severe leaf-rust infection. The effects were less pronounced in the 
more resistant varieties. The same was true of a susceptible variety 
when leaf rust was partly controlled. 

In contrast to the grain, the combined culms and leaves of the 
rusted plants contained higher percentages of total nitrogen, and, in 
most cases, greater quantities of total nitrogen per tiller than did 
those of the control plants. . 

The starch percentage content of the mature grain varied inversely 
with the protein percentage, the lower-protein grain from rusted 
plants being higher in starch than was the grain from control plants. 
However, because of the reduced number and size of kernels, the total 
quantity of starch laid down per kernel and head was distinctly 
reduced by leaf mat. 

Sucrose of the mature grain, although a minor constituent, was 
consistently reduced in concentration by leaf rust. 

The culms and leaves of rusted plants at the nearly ripe stages con¬ 
tained lower percentages of both sucrose and reducing sugars than did 
the control plants. ” ' ' * 

^The percentages of phosphorus and total ash of the grain were not 
apmeciably affected by leaf rust. 

Fpltz selection, a highly resistant wheat, which was practically 
unaffected bv leaf rust, showed no direct effect of sulphur dusting on 
the visible cnaracters of the grain or on composition. 
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INHERITANCE OF RESISTANCE TO LOO^E SMUT AND 
COVERED SMUT IN SOME OAT HYB.RIDS' 


By T. R. Stanton, senior agronomisiy Division of Cereal Crops and Diseases^ 
Bureau of Plant Industry; Geohoe M. Reed, curatory Brooklyn Botanic GardeUy 
and F. A. Coffman, associate agronomisty Division of Cereal Crops and Diseases, 
Bureau of Plant Industry 


INTRODUCTION 

In m*ent years several investigators have obtained extensive data 
on tlic inheritan(‘e of smut resistance in oat {Avemt) liybrids. Crosses 
between oat varieties showing various types of resistance to the 
smuts were made, and the behavior of the hybrids in the F 2 and F 3 , 
and, occasiomdly, in later generations was recorded. The published 
results have been I’cviewed in recent pa])ers by Cofl*rnan et al. {Sy 
and Reed (/4)- ^ he j)resent paper deals with six oat crosses involv¬ 

ing varieties that show different degrees of resistance to loose smut 
(Untllago (wenae (I^ers.) dens.) and covered smut lens (Kell, and 
Sw.) Magn.). Data on the reaction of F 2 and F 3 plants are included. 

Since recent investigations have demonstrated a high degree of 
specialization in both vspecies of oat smuts, it is particularly important, 
in studies on the inheritance of smut resistance, not only to distinguish 
between the morphological species [^stilago avenae and U, levis but 
to n'cognize the fact that both species contain specialized races or 
physiologic forms characterized by dilferences in their ca])acity for 
infection. Reed (7, P, 11) differentiated 9 distinct races of loose 
smut and 5 of covered smut. More recently, Reed and Stanton (16) 
liave described a new ra(‘e of covered smut distinguished by its 
'^npacity for infecting strains of the Fulghum oat. Reed {15] has 
also discovered that this race of smut is capable of infecting Black 
Mesdag, a variely exceptionally resivStant to other known races of 
loose and (‘overod smuts. In the studies herein described 3 distinct 
sfiecialized smut races wei’c used for inoculation, 2 belonging to 
UsiUago arenae and 1 to L\ lerLs. These specialized races are desig¬ 
nated as ('. av’caac-Missouri, 1‘. urc//ric-Fulghum, and le^ns- 
Missouri. Their characteristics have been reported in the publi¬ 
cations noted above. 

MATERIALS AND METHODS 

The six oat crosses studied were Monarch Selection X Black 
Mesdag, Richland X P^'ulghuni, Richland X Markton, Markton x 
logold, Markton X Black Mesdag, and Cornellian X Markton. 
There were two hybrids of each varietal combination. The first- 
named variety was used as the female parent in all the (Tosses*;; 
there were no reciprocals. The crosses were made in the greenhouse 

> Received for publication Jan. 30, 1034; issued July 1934. The investiRatloiis herein reported were 
conducted by the Division of Cereal Crons and Diseases, Bureau of Plant Industry, U S. Depart¬ 
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Botanic Garden Contribution No. 67. 
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at tlie Arlington Experiment Farm, Rosslyn, Va., near Washington, 
D.C., in the'spring of 1927. The parents were the strains of these 
varieties grown by the Division of Cereal Crops and'Diseases, Bureau 
of Plant Industry, United States Department of Agriculture. 

Detailed information as to the origin, econpmic vahie, and main 
characteristics of the varieties used as parents may be found in 
the literature on the registration and classification of oats {4, 17, 19, 
20, 21, 22).. Black Mesdag (C.l.® no. 1877) and Markton (C.l. no. 
2053) are of special interest because of their liigh degree of resistance 
to both species of smuts. Markton also has proved to be a valuable 
commercial variety in Washington, Oregon, Idaho, and western 
Montana {22). Cornellian (C.l. no. 1242) is a comparatively new, 
gray-kerneled variety, grown extensively in New York {6). Fulghum 
(C.l. no. 708) is widely distributed in the central an^ southern oat 
areas, and logold (C.l. no. 2329) and Richland (C.l. no. 787) are 
extensively grown in the Corn Belt States. Black Mesdag and 
Monarch Selection (of Etheridge) are black-korneled varieties of 
little agronomic value. 

Seed from the Fj plants and from the parental strains was sent to 
the Brooklyn Botanic Garden, Brooklyn, N.Y., in the spring of 1928. 
A detailed study of the inheritance of smut resistance in these hybrids 
was conducted in 1928, 1929, 1930, and 1931. Three sets of seed 
were taken from each Fi plant of the different crosses. One set was 
inoculated with UsHlago ai;eaac-Mi 880 uri, the second with U. aimiae- 
Fulghum, and the third with V. /ej)?«-Missoiiri. The three sets of 
Fj plants were grown in 1928, togetlier with the parental varieties 
similarly inoculated. In 1929 there were grown additional Fj ])lants 
of some of the crosses inoculated with U. a?v7w-Mi8souri and U. 
/m's-Missouri. 

The experiments with the Fa generation of the hybrids were con¬ 
ducted under field conditions in 1929, 1930, and 1931. Usually, 
two sets of seed were taken from each Fj plant, one set being inocu¬ 
lated with TJstilago Ofjemac-Missouri and the other with 0. levu- 
Missouri. In one of the crosses, however, one set of the Fa progenies 
was inoculated with U. aceTMie-FulgJium instead of with IL levis- 
Missouri. The Fa progenies were grown together with the parental 
varieties similarly inoculated. 

The methods of inoculating and germinating the seed have been 
fully described by Reed {14). The usual procedure was to remove 
the hulls, inoculate the seed with dry chlamydospores, and allow them 
to germinate in sand with a water content of approximately 20 per¬ 
cent at a temperature of about 20° C. When the seedlings were 1 
or 2 inches high thw were transplanted to the field. 

The profound influence of environmental factors on the infection 
\)f oats with the smi^ts is recognized by careful investigators. The 
low percentages of infection reported by a few workers may be ac- 
ebunted for by neglect to control soil moisture, soil temperature, 
and other conditions. The presence of hulls, especially in connection 
with certain external factors, has an important mfluence on the num¬ 
ber of smutted plants. In the present studies t^^' influence 01 such 
factors was largely elinunated, and the results obtained must 
a'ceounted for on the basis of inherited factors governing resistance. 

* C.l. T%tm to accession number of the Division of Cereal Croi>s and Diseases, formerly Office of Cereal 
InveiitigationH. 
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EXPERIMENTAL DATA 


Fi PLANTS 

Talile 1 presents the summarized data on the reaetion of the 
inoculated F 2 plants of,the six hybrids and the data on the inoculated 
[larental \arieties grown with the F 2 plants and the F 3 progenies. 

In general, the data in table 1 conform to expectation, but there 
are some exceptions tlial snould be pointe<l out. Ttie combination 
Monarch Selection Black Mesdag is ol interest. Monarch Selec¬ 
tion is very susceptible to Ustilago arcauc-Missouri but highly resist¬ 
ant to l \ /c?v‘.s*-Missouri, w^hereas Black Mesdag is highly resistant 
to both smuts. The F 2 results from this cross, as shown in table I, 
might be interpreted as indicating that .miut resistance is dominant 
and susceptibility recessive and that segregation for smut resistanee 
has occurred on the basis of a 3:1 ratio. 

The only e.\ce])tion to the expected in the F 2 behavior of the Mark- 
ton Black Mesdag cross, a combination involving the two most 
highly resistant varieties known, is the occurrence of I smutted ])lant 
in 1)9 tested with Ustilago arenae-Wis^ouri. 

Only 3 of 00 plants of the Markton logold cross were infected 
with i\^tilago urc/njc-Missouri, although 30.1 percent of tlie logold 
plants, the susceptible ])arent, were smutted. No infection whatever 
was obtained with U. auc-Fulghum, as was to be e.xpected. An 
inconsistent result was obtained with l \ /cr/v-Missouri in that each 
parent show’ed some slight infection, whereas tlie F 2 plants were 
entirely free from smut. 


Table 1 . Htachon to .? ia(es of smut of inoculated F 2 plants of (i oat crosses and 
thtir parental varieties, grown at the Brooklyn Botanic Oat den, Brooklyn, N.Y., 
Um and Itm 



Hybrid nu 
assigned l)> -- j 



Pl'^nts inoculated with- 



Prticn{‘\l variety or erotis 

UiM- 

Mon of 
Cereal 
Crops 

Brook-i 
l>n 1 
Bo¬ 
tanic 

Vatitago mcnai- 
Missouri 

UnUlagn ot'cnai- 
Fulghum 

VntUago Itrut- 
Missouri 







.. i 















and Dis¬ 
eases 

Oar- 

den 

Plant.> 

giown 

Infected 

Plants! 
! grown 

1 Infected 

Plants 

grown 

Infected 

• 



No 

No 

Pcf. 

^o 

Wo 

Fct 

No 

.Vo 

Fct 

Xfonarch Selection _ 



95 

89 

.93 7: 

30 

15 

50 0 

2HJ 

0 

0. 

Monurcii Selection (93()) X 1 

/ 275-1 

37 

28 

.) 

17 9 

28 

0 

21 4 

72 

0 


Black Mesdag (\m) _i 

\ 275-2 

38 

15 

17 

37 8 1 

27 

3 

11 1 

?9 

0 


Black Mesdag (V)2«) _ - . _ : 



317 

0 ! 

.0 

25 

0 

.0 

124 

0 


Black Mesdae mr,) . . 



141 1 

0 i 

A) 

28 

0 

.0 

1 140 

0 


Markton (934) X Filack Me&- 

f 2753-1 

4fi 

27 

1 

3 7 

30 

0 

0 

79 

0 


dag (927) Fa... 

\ 2753 2 

47 

42 

0 

.0 

25 

0 

1 .0 

44 

0 


Markton (9:44). 



152 

0 

0 

25 

0 

1 .0 

148 

0 


Markton (933) _ . 



154 

0 

.0 

10 

0 

0 

153 

1 


Markton (933'> X logold (930) 

/ 2737-1 

4.3 

25 

1 

4.0 

2^> 

0 

0 

78 

(' 


Fa. 

\ 2737-2 

44 

44 

2 

4.6 

20 

0 

.0 

57 

0 


Jo^<»ld (9,30) _ . . 

t'ornellian (928). . . 



153 

10 

30. 1 

20 

0 

.0 

147 

0 

1: 



109 

90 

53 3 

23 

0 

0 

172 

0 


f^'ornellian (928) X Markton 

} 2764-1" 
\ 275-1-2 

48 

27 

2 

7.4 

20 

0 

.0 

70 

0 


(935) Fs . . - ... - 

49 

40 

4 

10.0 

27 

0 

.0 

45 

2 

< 

Markton (935). 



175 

0 

.0 i 

20 

0 

0 

•173 

0 

Markton (932) ... .. 



183 

0 

0 

29 

0 

0 

151 

0 


Richland (938) X Markton 

/'2712-1 

h~ 

28 

0 

0 

28 

0 

.0 

1 7s 

2 

2 

(932) F».. 

1 2712-2 

42 

39 

1 

2.0 

20 

0 

0 

49 

3 

6. 

KlchlWKr(9381 .. - . - 

. 


no 

9 

8 2 

22 

0 

.0 

109 

12 

il. 

Richland 1937). ... 

> - - - * - 

- 

135 

0 

1 4 1 

119 

1 

.8 

13 

9 

09. 

Richland (937) X Fulghnm 

1 2710-1 
\ 2710-2 

39 

48 

10 

33 3 

51 

16 

31.4 

21 

7 

933 

40 

20 

1 0 

34.6 

60 

23 

34 HI 

27 

10 

37. 

Fulghum (929).. - 



159 

0 

3 8 

113 

89 

78.8 

24 

2 

K. 







« Nurahi»r8 in parentheses indicate special seed numbers assigned to strains of these varieties inoculated 
and observed by O. M. Reed. 
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, Only G of G7 F 2 plants of the Cornellian X Markton cross were 
infected witn Ustilago a«?^na^-Missouri, yet the susceptible parent 
variety showed an average infection of 53.3 percent, there being no 
infection wdiatever in the Markton parent. Neither of these parent 
varieties reacted to U, /rr?>-Missouri, ibut 2 , of the F 2 plants were 
infected with this smut. 

The reaction of the F 2 plants of the Richland X Markton cross to 
the races of smut coJTOsponded rather closely to that of the two paren¬ 
tal varieties. 

In the case of each of the three races of smut, approximately one- 
third of the inoculated F 2 plants of the Richland X Fulghum cross were 
infected, and no marked difference was obtained in the behavior of 
the two hyduids. However, it will be seen from table 1 that an 
approximate average of 34 percent of infection was pblained with 
fX arena^-Missouri, yet the parents, Richland and Fulghum, showed 
only 4.4 and 3.8 percent of infection, respectively. 

Fs PROGKNIES 

As previously stated, two sets of seed were usually taken from each 
F 2 plant, one set being inoculated with Ustilago a^’^aa^-Missouri, 
and the other with (J. Ze?;i 9 -Missouri. With the exception of the 
Richland X Fulghum cross, no F 3 progenies inoculated with IJ, avenae- 
Fulghum were growui. On the basis of the treatment of the F 2 
plants three groups of Fa progenies were available for study: ( 1 ) 
Progenies descended from F 2 plants inoculated with U. arenae-^Mis- 
souri, ( 2 ) progenies descended from Fa plants inoculated with IJ, avenae- 
Fulghum, and (3) progenies descended from F 2 plants inoculated 
with lei'is-Missouvi. 

Table 2 presents the /esults obtained in F 3 after inoculation wdth 
all races of smut. For convenience and com])arison, the F 3 progenies 
are grouped into three main classes: ( 1 ) Resistant, in which no 
infected plants w^re observed; ( 2 ) segregating, in wdiich from I to 
50 percent of the plants were infected; and (3) susceptible, which 
contained more than 50 percent of smutted individuals. The j)er- 
centages of infection in tne inoculated parental varieties and in the 
F 2 plants and F 3 progenies are .show n. 

Reaction to Ustilaqo avenae-Missouri 

As shown in table 2 , the reaction of the F 3 progenies of hybrids * 
37 and 38 of Monarch Selection (very susceptible to Ustilago avenae- 
Missouri) X Black Mesdag (resistant to U, at^enae-Missouri) is in 
accord with genetic expectation. The results obtained from this cross 
in F 3 confirm the interpretation indicated in F 3 that smut resistance 
is dominant and susceijtibility recessive, and that s(^gregation for the 
inheritance of smut resistance has occurred on the basis of a 3:1 ratio. 
On the basis of the data obtained it might be expected that there 
wbuld be no susceptible progenies in the first ginup of F 3 progenies 
descended from F 2 plants tested with U, avenae-Missouri^ since 
the F 2 parent plants susceptible to U, arena^-Missouri should have 
been eliminatea. It is possible, however, that the 4 .Highly susceptible 
prhienies were descendants from susceptible ^2 plants that had 
,escaped infection. Assuming that this is the correct explanation^ tfie 
remaining 45 progenies of this j^roup show a fairly close approxima- 
tion-of a ratio of 1:2,16 progenies being resistant and 29 segregating. 
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, The results obtained in the second group of Fs progenies (descended 
from Fj plants tested with Ustilago awnoc-Ftilghum) of Monarch 
Selection X Black Mesdag indicate some cottespondence in the reac¬ 
tion of the hybrids to the 
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Fiovke 1—Reaction to Vstitago B»«n«<-Mi8souri of Fj prog¬ 
enies for each of six oat crosses, «own from Fg plant popu¬ 
lations that had been inoculated with U. atvnoc-Mis^uri, 
U. ownar-Fulghum, and U, lecw-Missouri: A, Hybrids 37 
» and 38; H, hybrids 39 and 40; C, hybrids 41 and 42; D, hy¬ 
brids 43 and 44; E, hybrids 46 and 47; F, hybrids 48 and 49. 


two races of loose smut used 
in these experiments. 1 f 

the reaction of the different 
progenies to these two 
smuts is not correlated, a 
much larger number of sus¬ 
ceptible families in the 
group inoculated with U. 
f/wrwf/C-Missouri would be 
expet'ted. I t is unfortunate 
that no F 3 ^ata are avail¬ 
able from progenies of plant 
material that had been in¬ 
oculated in F 2 with U. 
avenae - F u 1 g h u m. Such 
data might indicate the 
extent of the similarity in 
the behavior of the hybrids 
toward the two smuts. 

The 120 F 3 progenies of 
the third group of F 3 prog¬ 
enies descended from r 2 
plants tested with (htilago 
/m.s*-Missouri of Monarch 
Selection X Black Mesdag 
showed a ratio of approx¬ 
imately 1 resistant to 2 
segregating to 1 suscepti¬ 
ble. No F 2 plants had been 
eliminated, and conse- 
qiii^tly F 3 progenies of the 
dm^rent classes might be 
exfli^ted. Of the 28 sus¬ 
ceptible progenies ob¬ 
tained, 1 showed 04-.2 
percent of infection, 2 
showed from 70.1 to 80 
percent, 5 from 80.1 to 90 
perc^ent, and 20 from 90.1 
to 100 percent. 

The occurrence of smut 
in the F 3 progenies of hv- 
brids 46 and 47 (Mark- 
ton X Black Mesdag) w as 


unexpec^d. As shown in table 2 , a large number of the progenies 
were resistant. However, approximately oniVfourth of the progenies 
coiitained snpitted individuals. One showed as much as 56.2 ‘percent 
of infection, an interesting result which is difficult of explanation. 
The<beha.vior of this cross is treatod moro fnllv on nnac 1081. 
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In Fj progenies of hybrids 48 and 44 (Markton X Itigold) there were 
a large number oj" resistant progenies in each Fj smut group, but no 
progeny was classified as susceptible. 

Hybrids 48 and 49 (ComellianXMarkton) involve a cross between 
a resistant variety and one tliat is rather susceptible, the smut in the 
Cornellian plants ranging from 27.2 to 72 percent in the different tests. 
As shown in table 2 , a predominance of resistant progenies was 
obtained in the Fj. Furthermore, only four ])rogeniea were classified 
as susceptible, And the highest percentage of infection obtained in any 
of these was less than 70. The data for the Fg and the F? generations 
do not indicate any simple dominance and segregation. 

Hybrids 41 and 42 (Richland xMarkton) involve a cross between a 
resistant variety and one that shows a very low percentage of infec¬ 
tion. In the Y 2 generation 67 plants were inoculated and only 1 was 
infected. Only 1 F 3 progeny was classified as susceptible, 70.5 percent 
of the individuals being infected. Most of the progenies were entirely 
resistant. 

The Richland and Fulghum parents of hybrids 89 and 40 were 
slightly susceptible to Vstilago arcT^crc-MisvSouri, both showing less 
than 5 percent of infection. In contrast to the two parental varieties, 
a comparatively large number of the F 2 hybrids were infected. In 
each of the three groups of Fg progenies there were 2 or 8 times as 
many segregating progenies as there were resistant ones. Susceptible 
progenies also were found in each group, most of the groups containing 
a high proportion of infected individuals. 

The number of infected F 3 progenies in each of the six crosses inocu¬ 
lated with Il^tilago f/rey^ae-Missouri is shown in figure 1 . 

RkACTION to r.STIL-400 LKVlS-MlSSOl RT 

As has already been shown, the F 2 generations of the six crosses were 
inoculated and tested with UtitHago /ef/.s‘-Missouri, and F 3 progenies 
of five of the six Crosses were tested with the same race of smut. Table 
2 shows that no experiments with (', /ccfVMissouri were conducted 
with Fy progenies of hybrids 89 and 40 (Richland X Fulghum). 

Many Fy progenies in the Ustilago /c/v‘.s‘-Missouri series contained 
smutted individuals, although both parental varieties of the crosses 
were'resistant (table 2). Hybrids 87 and 88 (Monarch Selection X 
Black Mesdag) included 128 resistant’ F 3 progenies, 75 segregating, 
and 1 that was classed as susceptible. This susceptible progeny con¬ 
tained 22 plants, of which 13 (59 percent) were smutted. The 75 
segregating progenies contained 1,492 plants, of which 205 were 
smutted. Hybrids 46 and 47 (Markton X Black Mesdag) included 128 
resistant progenies, 25 segregating, and none that was susceptible; the 
25 segregating progenies included 498 plants, of which 50 were infected,i 
Hybrids 48 ana 49 (ComellianXMarkton) included 96 resistant prog¬ 
enies, 24 segregating, and none that was susceptible; the 24 scgr,e- 
gating progenies included 479 plants, of which 48 were infected. In 
nearly all these segregating progenies the number of infected plants 
wa&sftiall—usually hn\ k or 2 being observed. 

•Th<f ^number of'infected F 3 progenies in each of five crosses inocu¬ 
lated with Ustilago /c^m-Missouri is shown in figure 2 / 
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Reaction to ITstilago avknae-Fulghum • 


Studies were made with the Fulghum race of VMilaao avenae only 
on the Fa plants of hybrids 39 and 40 (Hichlaild X Fulghiim). In the 
various experiments, Fulghum showed 78.7 percent of infection with 

tbis'race of smut, whereas 
Richland was nearly free 
from infection. No resist¬ 
ant Fa progeny w^as obtained 
in the first group (descended 
from K> plants tested with 
(\^iiIago a re/?ae-Missouri b 
Very few susceptible 
progenies wTre obtained in 
anv of the f^roups; several 
inight ha\e been expected 
in tlie tirst and third gniiips, 
unless tneie >\as some cor¬ 
respondence in tue inherit¬ 
ance of resistance to all 
three rac(‘s of smut. Com¬ 
paratively higJi suscej>ti- 
bilit'v in the Vz generation 
to all three races of smut 
was associated with com¬ 
paratively fe^\ F< progenies 
susceptible to l\ avenae- 
Fulghum. 

^ S Je S£6^ s 




je» 

SS(? mS£&^£Gi>^r//y& 


DISCUSSION 

The results obtained from 
inoculating F plants of n>- 
brids 37 and 38 (Monarch 
Selection X Black Mesdag) 
with rdllago urez/ar-Mis- 
soim show^ a simple domin¬ 
ance for resistance to this 
smut. These results are in 
accord with those reported 
by Reed {S, 10, 12, IS)^ in 
his studies on smut resist¬ 
ance in hybrids of Hull-less 




vESED^ L£A7S^Af/ssme/ 

Eiovre 2 Reaction to Ustilago ^<f>f«>Mis8(mri of Fg progenies 


X Black McsdafC, Early 
Gothland X Victor, and 
Early Gothland X Mon¬ 
arch. In these crosses one 


parent was susceptible to 


Futehum, and U (mi^Missouti A, Hybnds 37 and 38; B, tllC* particular raCCS of smut 
hybrids 4) and 42, C hybrids 43 and 44, n, hybrids 46 and 

47 , £, hybnds 48 and 49 . usca and tnc otlicr WHS re- 

, si^tgnt. The results showed 
a simple doxninanee for the inheritance of resistance, segregation oc¬ 
curring on tht basis of a 3:1 ratio in Fa. The results obtained'in 
Fs wpre in harnionj’ with the interpretation. 
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The presence, of segregating progenies in in ceftain crosses in 
which no infection ^as expected is doubtless coniu^cted with the 
behavior of (‘ertain* oat varieties. Occasionally an injected plant is 
found in a row of Markton when tliis variety is inoculated with 
IJstilago /c/;/.s‘-Missouri. Fulghum frequently shows a small percent¬ 
age of infection with bolh l\ acc/ific-Missouri and U. /c/ /s*-Missoiiri. 
logold and Oorhellian sliow a comparatively higli percentage of 
smutted ])lanls. It has, howe\er, been very difficult to approach 100 
percent of infection in cither of these varieties. 

Tlie further question arises as to tlie extent to which the fungus 
develops in individuals of sucli varieties as Markton, Fulghum, and 
logold, the plants of which finally appear normal. Kolk (J) has 
shown that, in the resistant Black Mes<iag, U^fllago f/cc 7 ?ac-Missouri 
penetrates and raqjifies more or less extensively througliout the 
coleoptile. Ai)parently, however, it does not gain entrance into the 
developing embryonic tissue. 

Bayles and Coffman (/), in studies of the effect on germination of 
remo\ ing the liulls from seed of certain oat vaiieties, report a reduction 
of 5.1 percent in seedling emergence in the Markton variety wdien seed 
with hulls removed was inoculated with smut. A similar reduction 
w’as obsened in the susceptible ^arieties Early Champion and Sixty- 
Day. Stanton et al. (IS), reporting studies on the effect of removing 
the hull on S('edling emergence in oat varieties, showed that although 
Markton gave no apparent indication of smut infection, yet seedling 
emergence was jeduced by 2.9 percent through inoculation with smut. 
It was concluded from this evidence that Alarkton is not completely 
free from infection l»y the smut organism. 

The occurrence of marked smut infection in F^ progenies of the 
Markton X Black Mesdag ci'oss is difficult to explain. It is possible 
that complementary factors may account for the reduction, or a])par- 
ent breaking dowm, of resistance in the Fj progenies of this cross. 
Briggs (2) has observed the occurrence of smutted plants in some of 
his resistant ])rogenies of Jiybrids between Hard Federation and 
Hussar wlieat varieties. No smut appeared in the V, and Fj, but in 
the F 4 and subsequent generations slightly susceptible families were 
obtained. Briggs interprets his results on the basis of modifying 
factors. 

In the Markton X Black Mesdag cross, 25 percent of the F.^ progenies 
descended from Fj plants inoculated with Ustilago acc/mc-Fulghum 
were infected (table 2 ). The occurrence of smut infection hrso many 
progenies is hardly analogous to tlie appearance of a few^ smutted 
individuals in F^ and subsequent generations of certain wheat crosses 
reported by Briggs {2), As a consequence, these results cannot be 
interpreted on the liasis of modifying factors. It is pjobable that 
complementary factors may offer a more satisfactory basis foi* intei- 
pretation, since so high a percentage of the F^ progenies were smutted. 
Both Markton and Black Mesdag may carry complementary factoij^ 
for susceptibility, which, wnen brought together through hybridiza¬ 
tion, may produce smutted plants. 

Awothn* interesting rfsylt is the relation between the number of 
resif^tanlt, segregating, ami susceptible F,j progenies. In the Ustila^jo 
Zem-Missouri series there is a preponderance of resistanf progenies in 
alFfive hybrids. The same is true in the U. a^Jcnae-Missouri series of 

71187—34-3 
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hybrids 41 /mcj 42, 43 and 44, 46 and 47, and 48 and 49, Of course 
■ these results would l)e expected to a lar^ifo extent on the basis of the 
liehavior of the parental varieties, since none ot them snowed any¬ 
thing like 100 i)ercent of infection. 

The ]o^s of the susceptible indhiduals in tJiese hybrids introduces a 
difficulty in the complete analysis of smut inheritance. The smutted 
plants being destroj^ed, their subsequent generations cannot be grown. 

SUMMARY 

This paper presents results obtained with six oat h.-ybrids, involving 
crosses between varieties that differ in their lieliavior to certain races 
of the oat smuts. 

Fa plants of all these crosses, inoculated with Ihillago avenue- 
Missouri, U, /cm*-Missouri, and a/vviac-F\Jgltum,»were gro^\n and 
studied. Progenies of all 6 crosses inoculated with r. accaf/c-Missouri, 
progenies of 5 crosses inoculated with V, /cc?.v-Missouri, and progenies 
of 1 cross inoculated witli LL flccauc-Fulghum also were grown in F;,, 
and their reaction to these smuts was recorded. 

The data for hybrids 37 and 38 (Monarch Selection X Black Mesdag) 
inoculated with Usiilago accAmr-Missouri indicate that smut resistance 
is inherited on tlie basis of a 3:1 ratio. 

A most noteworthy feature is the occurrence of considerable smut in 
some F 3 progenies of hybrids descended from (mtii’cly resistant 
parents. 

In most of the liybrids completely resistant progenies pivdonnnated 
over segregating progenies; there were very few susceptible jirogenies 
recorded. 
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INTRODUCTION 

In 1930 Iho w^’itor 0:^)- described a ])r()(‘ediiro whereby it seemed 
possible to compare aJfalfa (MedUuKjo mthui L.) varieties in regard to 
their resistanc(‘ to f)acterial wilt, caused by Fhytotnonas insidiosa 
Mc(Hdloch, in the s|)ace of a single year, thereby avoiding the delay 
and climatic hazards inevitable in a, field test in infested soil. The 
procedure desci 3 be(U])ej'mitted not only the comparison of the degree 
of resistance in vai*ietit‘s l)ut also the selection of resistant plants from 
u bich resistant strains may be develo})ed. During 3 years the writer 
has used this method in comparing resistance in plants from a consider¬ 
able number of seeul lots of alfalfa. Modifications of the procedure, 
which would permit testing larger numbers of plants with the facilities 
available for the purpose at Madison, Wis., have been tested. The 
develo])ment of the j)ara.sitic bacteria in resistant and in susceptible 
plants has been compared. 'Fhe present j)aper is a report on the 
])rogress of the work thus outlined. 

In 1930 Peltier and Tysdal (7) published results from a single but 
extensive trial of the method described by the writer (8). In 1933 
Peltier (fi) published additional data of a similar character. All of 
tliese results are substantial^ in agreement with those presented here. 
In 1932 P(dtier and Schroeder (6‘) in a study of the nature of resistance 
of idfalfa to wilt reached the (‘.onclusion that in the material studied 
resistance was in the main associated with morphological features of 
the root. The writcu* is unable to corroborate this conclusion. These 
results by Peltier and his associates will be discussed later in this 
])aper. • 

COMPARISON OF VARIETIES FOR RESISTANCE 

The procedure in comparing seed lots for resistance has been little 
altered from that originally suggested (e*^). The seed is planted in 
flats in the greenhouse, preferably in November, but. when necessary 
as late as the middle of January. When the seedlings are about a 
month old they are transplanted, usually into beds where* they are 
spaced about I inches aj)art in rows 3 inches apart. As early in May 
as possible the seedlings are washed from the soil, inoculated, and 
transplanted to the field, where they are spaced 4 inches apart in rows 
10 inches apart. In H13(), inoculation was nuide by scraping opposite 
sides of the root lightly with a knife under a bacterial suspension from . 
several pure cultures of different origin. In the 2 following years* 
incision was made through the bark with a sharp knife under 
bacterial suspension instead of scraping. A second inoculation was 
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made of the pfants in the entire plot in 1930 and of a part of those in 
the plot in 1931 in early August in the following manner. After all 
plants showing disease symptoms were pulled, earth was removed 
frotti around the crowns of those remaining, and a thin slice of diseased 
tissue from one of the infected plants was inserted in an incision 
through the bark of the taproot. The earth was then replaced about 
the crowns and the ground was well watered. This second inoculation 
cannot b.e made rapidly, and therefore it was not carried out with 
plants from the see'd lots from Turkistan in 1931 nor^^as it attempted 
at all in 1932. Three cuttings have usually been made iu the early 
bloom stage. 

After active growth had ceased in the fall, the plants were dug for 
examination and divided into twn) classes, namely, those infected and 
those uninfected. Evidence of infection was firt^t, sought by cutting 
the main root of each plant at about 6 inches below the crown. If no 
discoloration characteristic of the disease could be found in any root 
at this distance from the crowm, the scar of the wound made at inocula¬ 
tion was examined. If no discoloration was found here after making 
such incision as seemed necessary, the plant was classed as uninfected. 
Such an examination will not always reveal local infections near the 
crown, and therefore occasional plants judged uninfected and placed 
in the greenhouse have subsequently developed disease; *but these 
occasional errors in classification are preferable to a more thorough 
examination of the plant wdiich destroys its immediate usefulness in 
seed production. 

The method outlined may be varied'by starting the i)lants at differ¬ 
ent times in the year and inoculating at different stages of develoj)- 
ment in the greenhouse as well as in the field. Several variations 
which might be servifcable if successful have lieen tried. Chief 
among these are the following: 

(1) 8eod sown in the field in early spring. 

(а) Inoculation at transplanting to rows in the field, as with greenhouse- 

grown plants,* as soon as seedlings are largo’ enough to inoculate 
conveniently through wounds in tlie roots. 

(б) Inoculation at transplanting to the greenhouse in which the plants 

are grown through the sumincr. 

(c) Inoculation of spaced plants without transplanting. 

(2) Seed sowii in the field in late July or August; inoculation at transplanting 

to the greenhouse in October. 

The first variation was tried extensively in 1930. Owing in part to- 
a thick stand, the plants did not attain sufficient size for transplanting 
until late June, and transplanting extended into early eTuly, when the 
temperature was high. While water was freely used at transplanting 
and subsequently, the plants did not make rapid growth during the 
entire summer, though few died. Infection was less than by the 
;routine method, especially in the more resistant class. The period 
from inoculation to the end of the summer appeared much too short 
for advanced development of the disease in infected plants. The 
procedure gave useful comparisons between seed lots, but it did not 
result in the infection of nearly so many plants as did the routine 
method. It has not been tried further,. 

The second variation was likewise tried in 1930 in the Hope; of 
extending thd growing season somewhat and thus obtaining a more 
thorough elimination of the susceptible plants. Seemingly excelleht 
conoitions for infection were provided by shading the greenhouse so 
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that the temperature did not rise above 30° C. and J>y keepihf^the 
soil well watered. Nevertheless, infection was e\en less than in' 
plants transplanted to the held at tlie time the fi^reenlioyse experiment 
was beg:un. The inetho<I appeared useless and was not tried further. 
In general, field-grown seedlinp transplanted at any other time than 
in late autumn niake less rapid recovery and subseciuent growth than 
green house-gn)wh seedli ngs. 

The inoculation of sj)aced seedlings grown in the lield by digging 
around the (daiiAs and applying a bacterial susjjension to a wouml 
made in the root or l)y inserting bits of diseased tissue in the root has 
invariably inoved a highly effective method in se(*uring infection. 
In UKU it was tried extensively. The disadvantages of tliis method 
are the amount of labor involved and the fact that in this latitude 
se(‘dlings from the syring sowing do not attain sufficient size for inocu¬ 
lation until the*growing season is far advanced. Thus when winter 
conu's the disease has not jjrogressed far, e^-ipecially in the moi’e resist¬ 
ant ])lants. It should he noted that inoculation by fragments of 
diseased tissue dipj)ed in l)a(*terial sus|)ension and inserted in slits in 
the bark of the roots has given sliglitly higher infection than any 
other method tried. Taldes of the results of this method as compared 
wdth results obtained by the use of se\eral pure cultures are omitted 
for the sake of brevity. 

Where seedlings grown in the field in late summer and early autumn 
were inoculated ui)on lu'ing transi)lanted to the gieenhouse, it seemed 
that inocidation would be imule into the most suscejjtible tissue the 
])lant would produce under field conditions and that in conse(]uen(‘e 
disease development would he rapid. In a single trial made with 
about 900 plants from 12 seed samples th(‘ anticipated higli infection 
was obtained, an infection approximately equal to that obtained in 
the field from the inoculation of greenhouse seedlings. The method 
has not been used further becatise it recpiires inucdi greenhouse space, 
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•From this siiyvey of possible variations in the methods for deter- 
Alining resistance in 1 year, it appears that the schedule originally 
suggested best^ combines convenience and effectiveness. The first 
extended comparison of seed lots of alfalfa by this routine method for 
determining wilt resistance was made,in 1930. The seed samples 
used were largely American regional strains contributed by Frof. 
L. F. (Jraber, of tne Wisconsin Agricultural Experiment Station. The 
results of the 1930 trials are presented in table 1. Very few plants 
from the American strains remained uninfected, wheiieas the two seed 
samples from Turkistan and the one from Ladak were strikingly 
distinguished by the comparatively large number of uninfected plants. 

In 1931 some of the seed samples collected by H. L. Westover in 
Turkistan in 1929 and in Spain and northern Africa in 1930, together 
with a few miscellaneous samples of diverse qrigin, were tested. 
The plant populations from seed of undoubted Turkistan origin 
were sharply distinguished from all others by greater resistance. 
The results are summarized in table 2. A few additional sam])les 
from the same regions were compared in 1932 with the same result. 
This outcome appears to accord with the very extensive results 
obtained by Peltier and Tysdal (7) and by Peltier {5). The per¬ 
centage of uninfected plants in the results cited is usually higher 
than that shown here. Such difference in the susceptible' varieties 
iiiay be due to the fact that in this class of plants a second inoculation 
was made by the writer, whereas in obtaining the results cited, but 
a single inoculation was made. 

Table 2 .—HeHlalance to bacterial wilt in alfalfa from foreign aources after artificial 

inoculatiom tn 
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. . Alfalfa, then, falla into two distinct major classes with respect 
to resistance: A resistant class consisting of or derived more or 
1^8 directly from Turkistan or Ladak, and a susceptible class com¬ 
prising alMfa from all other sources tested thus far. The result 
may be stated in another way. Resistance to bacterial wilt appears 
to be a characteristic of alfalfa in the fegiqui or at least in much of 
thewregion, credited as being its place of origin. The boundaries;of 
the region in‘which high resistance is a umform characteristic ire 
not ^racisely delimited by the data at hand. In the disseminatidn 
of the plant from this region of origin and adaptation to other regions 
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where it is now grown the resistant character appears to have been 
largely lost, whatever habit of growth the i)lant has assumed in 
its new environhient. . That the disease occurs in Turkistan is 
attested by the fact noted previously,* that the bacteria causing it 
were recovered from t\\o plants collected by Westover at a small 
village north of Bukhara. However, it is unlikely that the disease 
is abundant or conspicuous in this region at present, as Westover 
has stated to the writer that he recognized the disease only at this 
location, in a •field that had been excessively watered. Thus it 
apj>ears possible that the ])arasite has been constantly associated 
with the plant in Turkistan, enforcing a selection for resistance in 
that region, and that the parasite has not followed the plant else¬ 
where to continue that selection until a com])arati\ely recent intro¬ 
duction into Uie United States; but facts are not at hand whereby 
this suggestion may be confirmed. 

COMPARISON OK INDIVIDUAL PLANTS FOR RESISTANCE 

Whatever the historical background of the present regional sepa¬ 
ration of the resistant and susceptible varieties of alfalfa, the present 
task is production by artificial selection of resistant varieties suited 
to regioiMil needs. Two sources of material are available for use. (1) 
Strains of highly resistant alfalfa from central Asia and (2) individual 
resistant plants that may be found in present commercial varieties. 
If individual plants from susceptible varieties are chosen for the 
building of varieties, much use of artificial inoculation for the elimina¬ 
tion of susceptible plants from populations will be required. There¬ 
fore, a critical appraisal of the accuracy and limitations of artificial 
inoculation as a tool both in comparison of varieties and in selection 
should be made. 

That a test carrii'd out in the field where conditions difl’er from year 
to year will give identical results is liardly to be expected; and in fact 
it has not alwaysgivTii closely similar results in the same season from 
trans])lantings made but a short space of time apart, l^arge lots of 
seedlings have been divided and transplanted at several dates through 
May and June, but differences in the results of these experiments 
have not been greater than differences that have occurred from 
inoculations made a few days apart. In a few Turkistan seed samples 
diflerences in the percentages of uninfected plants have amounted to 
JO percent in exceptional cases. In susceptible v arieties Oiflerences 
have not been so great, due perliaps in part to the second inoculation. 
Such diflerences were not only perplexing in the plots at Madison, 
but became even more so when an attempt was made to duplicate 
some of the work elsew^here. For instance, in 1930 some of the 
seed samples numbered in table 1 w^'re grown by (\ (). Grandfield at 
Manhattan, Kans., in the greenhouse, and inoculated at transplanting 
with the same cultures as at Madison. At Manhattan the percentage 
of uninfected plants was deU*rmined by (Irandfield in the autumn. 
On the whole, the percentage of uninfected plants was greater at 
Maplmttan, probably j^ecause they wrere inoculated but once, but 
this result was not consistent in all the lots. For instan(‘e, one san^ple 
gaVe 2S {lercent of uninfected plants at Manhattan and but 2.5 
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perceiit at Madu-on, and a sample givinji; 7 percent .of uninfected 
plants at Madison §:ave but 2.5 percent at Manhattan. 

A study of planting and climatic data has been ihade in an effort 
to explain these differences; but thus far no fad or set of facts has been 
f6und with which the diff erences can be cprrelatcd. That the method 
of inoculation is usually sufficiently effective to prevent many plants 
from escaping infection, even though they escape wounding, was 
shown in 1931, when groups of 10 plants were set unwounded and 
uninoculated at intervals in the plot so that diffeiwice in growth 
between diseased and healthy plants might be observed. At the 
end of the season all these groups of uninoculated plants were found 
infected almost as severely as the inoculated plants, except in the 
final transplanting made early in June. Emphasis upon these irregu¬ 
larities in the results of inoculation should not ob^cuire the fact that 
most repeated trials are closely consistent in result. A^econd inocu¬ 
lation of plants that have not shown evidence of disease in the foliage 
by the end of July appears to make results more consistent than does 
a single inoculation. However, this biological test, carried out in 
the field under varving climatic (onditions, lias not been and perhaj)s 
cannot be standardized to produce precise comparisons. 

Thus far the discussion has been confined to the consistency of the 
test in defining the resistance of plant populations. In the Selection 
of resistant plants it is even more important to know^ how^ accurately 
the test defines or can be adapted to define the resistance of individual 
plants. At the conclusion of a test in autumn some plants are found 
uninfected, others with varying degrees of disease development. The 
questions arise whether any or all of these uninfected plants are unin- 
fectable, or immune, and whether degrees of disease developuient 
represent intrinsic resistance or a more or less accidental retardation 
in disease development*. In an effort to answer these (piestions, 
plants showing apparent degrees of disease development were set in 
the peenhouse for further observation. Most of these plants devel¬ 
oped disease and soon cKed. Thus the tentative’ conclusion was 
reached that degree of infection in plants from susceptible varieties, 
even after two inoculations, is not a reliftble index of degree of resist¬ 
ance in those plants, at least, not of a sufficiently high degree of 
resistance to be of practical importance. In fact, occasional plants 
among those showing no infection at all have developed disease and 
died as through very susceptible. These results may indicate that 
resistance, at least a low degree of resistance, is not stable in growing 
plants. Thus one of the first and most essential steps in the study 
of resistance in individual plants consists in the determination of the 
stability of resistance with reference to the age and environment of 
the plant, or the description of such degrees of resistance as may be 
distinguished. 

A simple procedure in the determination of the stability of high 
resistance Ip plants with reference to age consists in the repeated 
inoculation of such plants as fail to be infected by the routine method 
used in the comparison of plants. A considerable number of plants 
found uninfected in the fall have been.reiqofvulated and setuhethe 
ground for growth the following year. In spite of Winter protection, 
such transplanted roots have been killed outright or so badly damaged 
that lio* significant tesults have been obtained. Inoculated popula¬ 
tions left in the ground all winter with some protection have been dug 
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in the spring, and the uninfected plants have l)een reset in the ground. 
These have usually'failed to grow vigorously after such transplanting; 
consequently, the‘ reset plants can hardly be regarded, as representing 
the condition of plants that have grown with undisturbed roots. A 
more promising method of obtaining the desired end consists in the 
use of cuttings.. In the autumn of 1930, cuttings were made from a 
number of uninfected plants and rooted in the greenhouse. The 
vigorous plants from tliese cuttings wTre inoculated by inserting bits 
of diseased tissue in the roots and were set in the field in the following 
spring. A part of the result of this inoculation is given in table 3. 
Some of. the groups of genetically identical plants obtained from cut¬ 
tings remained free from infection and some groups were infected in 
part or in all of the individuals. Further trial will be made of these 
uninfected poyulatjons to determine whether infection can b(^ obtained 
in them; but at present it appears that even from varieties in which 
95 percent, of the plants are infected in a routine test individuals may 
be found which are immune to wilt under these summer field trial 
conditions. 
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Infection that oc(‘urred in this trial was usually slight. No symp¬ 
toms ^\ere obser\ed in the foliage. The disease had progressed very 
slowdy after entering the xa^scular system. Although the fate of 
these infected plants in the following year was not determined, it 
seems probable that in most cases the^disease would have been out¬ 
grown On the basis of this opinion, such plants may be placed in a 
highly resistant class in which infection is possible but in which it 
tends to remain localized. 

A tentative third class of plants, having resistance slightly lower 
than the preceding yet perhaps enough to be of practical importance 
if possessed uniformly in a variety, is illustrated by the following 
example: Three plants of Grimm, two without infection, the thini' 
with very slight infection, were selected at the end of the inoculation 
trial in i93(). Cuttings from these plants were grown in-lhe green¬ 
house and three from each plant were inoculated in the spring of 
1931. , At the end of the summer none of these plants show^ed disease, 
and'th^ey romaine^d in Ao field through 1932, still vigorous and with- 
oat evidence of disease in the foliage. When they were dug in^he 
winter, they were found badly infected, invasion extending to the 
center of the root, and they soon died. Di^ree of infectiba and 
behavior differed little in the nine plants. They were much Jess 
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injured by wilt iii 2 years than most Grimm plants in a single summer; 
therefore, they may he regarded as having a degree of resistance 
somewhat lower-than that described in the previous class. 

Thus, by means of these field trials of cuttings from individuals, 
resistant plants may be classified provisionally as immune, highly 
resistant, and resistant. Such classification is admittedly very crude 
and unsatisfactory. It may serve to indicate that resistance appears 
to exist in varying degrees in plants. In rare individuals immunity 
may be attained, but comparatively high and low degrees of resist¬ 
ance may be distinguished. 

THE NATURE OF RESISTANCE 

During the foregoing comparison of varieties with respect to resist¬ 
ance, detailed study has been attempted of the behavior of infection 
in plants having different degrees of resistance, with a view to describ¬ 
ing the differing host<-parasite relationshi]) which linds conspicuous 
expression in these degrees of resistance. In this work methods of 
approach have been developed and tentative conclusions have been 
reached which need further confirmation. A discussion of this in¬ 
complete work seems warranted, since Peltier and S(‘hroeder ((I) in a 
recent publication have reached conclusions jadically different from 
those of the writer. 

In the course of the comparative testing of alfalfa seed lots many 
inoculated plants of resistant or susceptible strains in various stages 
of disease have been examined and comi)ared. Material has been 
fixed and stained after being embedded in paraffin, but more fre¬ 
quently living roots have been sectioned with the razor or the sliding 
microtome. By the lattpr method discolored areas indicating infec¬ 
tion can be examined at the exact point of interest more rapidly and 
effectively than is possible after the material has been embedded. 
Sections from living material are fixed in alcohol to hold the bacteria 
in place and are stained in the usual manner. Thus the relation of 
the bacteria to large areas of the host tissue may be surveyed in a 
relativeljr short time. 

Attention was first directed to the initial step in infection, namely, 
the development of the bacteria in parenchymatous tissue around t6e 
wound to which the bacteria were applied. Here it was found that 
in plants with no vascular invasion at the end of a routine test for 
resistance,'there is usually no invasion of parenchymatous tissue or 
but a very slight invasion which has not reached the vessels. In 
plants in which vascular invasion is slight, invasion at the point of 
inoculation is slight and is not found elsewhere along the invaded 
vessels. In very susceptible plants invasion of parenchymatous 
tissue at the point of inoculation is relatively rapid and abundant, and 
vascular invasion is soon followed by parenchymatous invasion at more 
orjess widely scattered points along tne invaded vessels. Occasionally 
very conspicuous exceptions occur in which extensive invasion of 
parenchymatous tissue at the point of inoculation is not followed by 
extensive vascular invasion, but these exceptions appear to form a 
very small distinct class which need not confuse the discussion here.^ 

' ..—'M f , 

« the exceptional plants referred to, the parenchymatous tis.sue appears to react to invasion by hyper¬ 
trophy and< even by slight hyperplasia. The region of inoculation develops a gall-like swelling. The 
bacteria' usually pass to the very center of the root along the enlarged wood ray cells. Few vessels are 
nvadM, and these may be scattered to the center of the root. Such plants have been found thus tor only 
n strams of Turklstan alfalfa. 
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The foregoing results indicate that resistance first finds expression 
in the failure of ihe bacteria to establish themselves rapidly and 
extensively in the parenchymatous tissue of the host, either at the 
portal of entry, or later from the invaded vessels. 

Following the examination of infection in populations presumably 
more or less heterogeneous, similar comparisons were made with 
plants of known uniformity, that is, with cuttings from previously 
tested plants. The supply of such plants has been small, both in 
quantity and m diversity of origin; therefore, methods were devised 
whereby it could be used most economi(‘ally. Chief among these 
were the inoculation of pieces of roots in an incubator and the recip¬ 
rocal graftitig of phints. The results of the preliminary tests are as 
follows. 

Pieces of roots t^iken from large plants in the fall were stored under 
controlled environmental conditions, and infection has been obtained 
in such pieces as well as in entire plants. The jjrocedure has been 
used both to test rate of peneti*ation of the l>acteria in susceptible 
plants under different environmental conditions and to compare pene¬ 
tration in suseeptible and resistant roots. Results obtained in this 
way support observations made in growing plants. Very little pene¬ 
tration of the bacteria into the phloem of roots of well-attested resist¬ 
ance hai^ occurred, while abundant ])enetration of bacteria into roots 
of susceptible plants has been obtained. 

Tlie most spectacular contrast in the development of the bacteria 
in resistant and susce[)tible plant tissue has come from inoculation of 
grafted ])lants, though this work is as yet meager in quantity. The 
grafting is easilv accomplished between roots of the same diameter, 
both in the fall with plants from the field and in the spring with 
greenhouse seedlings ready to set in the field. The usual whip graft 
has been used, the union tightly bound with twine and covered with 
melted beeswax. The grafts are packed in moist s])hagnum, with a 
little of the crown exposed, and maintained at a temperature of about 
25® C. in a moist chamber for 2 or 3 weeks*to hasten the union. Th(' 
j)la,nts are then set in soil with protection from drying until vigorous 
growth starts. Inoculation has occasionally been made on the cut 
surfaces at the time of grafting, but usually in the susceptible portion 
of the graft at the time of planting. 

The two portions of the graft appear to maintain essentially their 
original susceptible or resistant characferistics in this uniot^, although 
a susceptible top on a resistant root lives longer after infection than it 
does on its omi decaying root. Tlirough the use of grafted plants 
bacteria can be introduced directly into unwounded and continuously 
functioning vessels of resistant tissue without having to pass through 
parenchymatous tissue in which, as previous observation indicated, 
they were hardly able to penetrate. 

A typical contrast of bacterial development in tissues of immune 
root inoculated in this way with that in a susceptible root.iS furnished 
by a fortunate graft in which about 4 cm of immime Turkistan root 
was inserted in the taproot of a highly susceptible nonhardy plant. 
Thks graft was made in .December 1931. The lower portion of the 
susceptible root was inoculated, and the plant grew slowly in' the 
gi^eenhouse during the winter. In the spring it was set in the field, 
where it grew vigorously, showing no symptoms of disease. When 
dug in October the taproot was about 2 cm in diameter and the graft 
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unions were smooth, though visible. The crown and taproot were 
then split vertically; one half was waxed over the wound and set in 
the greenhouses and the other half was prepared for microscopic 
e?:ainination. On December 19 the foliage of the greenhouse plant 
showed symptoms of wilt and was then examined. wSections prepared 
at the earlier and later dates from this plant show differences only in 
degree of,disease. The entire root, including the insert>ed portion, 
was deeply discolored. The new growth formed since the union was 
a wide band each of summer and autumn wood sharply distinguished. 
The lower susceptible portion of the root was severely diseased, with 
extensive invasion of tlie fall wood both in vessels and in parenchym¬ 
atous tissue. The upper susceptible portion was less severely invaded, 
although bacteria had advanced to some of the outermost vessels. 
In the immune insert, which was almost as deeply discolored as the 
rest, the bacteria were found only in a few vessels of the summer 
wood and not anywhere in parenchymatous tissue. Extensive gum 
formation occurred in the susceptible portion, but only in the summer 
wood of the immune insert. The discoloration of the immune portion 
was due largely to the soluble stain, which may have been produced 
in the susceptible part. So far as could be discovered, vascular con¬ 
nection through the inserted portion was open, permitting distribution 
of bacteria through it from the infested vessels at either ^nd, and 
perhaps the bacteria found there had arrived by this route. Previous 
trials with ink in grafts had demonstrated open vessels through the 
unions permitting ink particles to pass, though many vessels liad 
sharp turns conducive to clogging. 

In other inoculated grafts of resistant tops on susceptible roots, 
and vice versa, made at about the same time, similar results have been 
obtained. Disease has progressed in the usual manner in the sus¬ 
ceptible portion. Discoloration extends far into the resistant part 
of the union, although few vessels in that resistant part show clear 
evidence of bacterial development in those vessels by the presence of 
matlike colonies over pits.*^ Thus it appears that immunity and very 
high resistance are manifest not only by failure of the bacteria to de velop 
in the intercelhdar spaces of the parenchyma of an inoculated plant, 
but also by a much less luxuriant growth in the pits of those vessels. 
In no case have bacteria been found invading parenchymatous tissue 
in the highly resistant part 0 / grafts, however extensively this has 
occurred ip the susceptible part. 

From the writer^s previous studies of this disease the conclusion 
has been drawn that without invasion of parenchymatous tissue vas¬ 
cular invasion does not proceed far; and thus if this apparent resistance 
of the parenchymatous tissue to invasion continues to be found in 
all plants which are not infected or but slightly infected by repeated 
inoculation in the usual routine, the resistant character seems to be 
manifest chiefly in the parenchymatous phase of invasion. The 
nature of^'.his resistant character is not apparent. The gathering, 
testing, and increasing of resistant plant material for comparison is 
in progress, and a more comprehensive comparison of such material 
is planned. . • 

h theory of the origin of resistance very difl^erent from that jdst 
outlined has tfeen stated recently by Peltier and Schroeder (<?, p. 2). 

* * *♦ xjjg usual or normal progress of the bacteria from their entry until 
the death of the plant ensues has been followed. 
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In tho main it.lias boon found that rosistanco in somo alfalfas is asHOciat^.d ^C'ith 
certain luorpliologicah features, particularly in the root, which inhibit rapid 
development and invasion of the vital tissues by the bacteria. These morphologi¬ 
cal differences in susceptible and resistant sorts are inherent, tlajugh not absolute, 
since any variety or strain of alfalfa is made up of a widely diverse lot of individ¬ 
uals. It is for this reason that rjot a single variety or strain of alfalfa has been 
found which is completely* resistant. 

* * * Thus- while resistance in alfalfas to wilt is associated with root 

structure, it is also true that inhibiting or accelerating the rate of growth of 
cither suscejitible or resistant sorts will modify th(^ root structure to such an 
extent that suscejitible sorts will become more resistant or resistant alfalfas more 
susceptible. 

* * * There appears to be no direct evidence in any of our jihysiological 

or microc*hemical studies to show that any internal physiologic function of the 
plant makes one variety more resistant than another, exc6'i)t insofar as morpho¬ 
logical modifications may occur under different environmental conditions. 

The niori)h 4 )l()g!ral eharacteristics of resistant varieties arc stated 
to be as follows: (1) Vessels of smaller diameter, more angular, with 
heavier w^all thickenings; (2) vessel segments shorter, with more 
obstructions from remaining vestiges of the septa; (3) vessels arranged 
in groups, with less contact and more intervening fibers; and (4) less 
fretpient contact of vessels with parem^hymatous cells. Peltier and 
Schroeder illustrate these differences by contrasting photomicro¬ 
graphs, j)ut give no measurements of length or diameter of vessel 
segments. Measurements made by the writer from their photo- 
microgrHjdis (f/, pi, 7) sluming difference in diameter of vessels in a 
plant of a resistant ami a susceptible variety show^ that the average 
outsid(» diameter of vessels in the lesistant root is about 23 m and in 
the suscej)tible root about 38m. The writer has examined sections 
of many resistant and susceptible plants and has not observed such 
cont rast in vessel diameter. However, in such comparisons, measure¬ 
ments are a saf(‘r guide than observation, and therefore, in July 1933, 
plants of 3 resistant and 4 su.sceptible varieties under test in the field 
were sectioned for examination, ^fedian longitudinal sections were 
stained lightly \Yith thionine, and the length and diameter of vessel 
segments of at least 10 representative vessels distributed across the 
diameter of the root W'ere jueasured. The average of these measure¬ 
ments w as found, and finally the average of such measurements from 
f) plants. The results are given in table 4. No significant difference 
appears in either length or diameter of vessel segments between the 
resistant and the sus(*eptible varieties.^ In all plants vessel diameter 
is approximately the same as that shown in the cited illustiiations of a 
susceptible plant (//, pL 7, ft). 

Tablk 4.— (\)fnparifion of average length and diameter of vef^sel segmentif in roots 

of resistant and susceptible varieties of alfalfa under test for resistance to wilt 


[Mwisurenients made in plants taken from the field, July 19, 1933] 


Resistant variety 

A v^erago 
length 

Average 

diameter 

Suseeptible variety 

Averse 

len^i 

Average 

diameter* 


A* 

A* 


Ai 

A* 

Turki^itaii. . 

« 104 

32 

Grimm.. . 

Cossack. 

84 1 

38 

Harrtisian . .. . 

• 4K) 

. 38 

80 i 

;48 

• Ladffk.* 

, • 

m 

36 

Canadian Varieeated. . . 
South Dakota (^ommon . 

88 

» 80 j 
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The writer has sought among the plants in his selections for evi¬ 
dence of the remaining differences between resistant and susceptible 
plants described by Peltier and Schroeder and has failed to find any 
of them. It will be very interesting indeed if tliese investigators 
have found an environmental conditio 4 in whicli resistant and sus¬ 
ceptible varieties show different internal structures, but such structural 
differences can hardly be regarded as a cause of resistance when similar 
contrasts jn resistance are shown by the same varieties grown in an 
environment in which these structural differences do not occur. 
The structural differences between roots of resistant and susceptible 
varieties here described appear closely similar to those observed by 
the writer in jdants responding to a short i)eriod of illumination with 
short internodes and with long internodes, respectively, when both 
are grown in short days. 

It should be pointed out that Peltier and Schroeder'appear to the 
writer to have built their morphological theory of resistance upon a 
conception of the development of the disease in the plant which differs 
in one important respect from that held by the writer {2, 4)- The 
difference in opinion concerns the route by wliich the bacteria spread 
within the plant, and may be stated thus. Both agree that in entering 
a plant through a wound the bacteria first establish themselves in 
parenchymatous tissue, whence they pass into ^ssels. Prom this 
point interpretations differ. The writer finds parenchymatous 
invasion arising along those vessels first invaded and believes that by 
passing between cells of this tissue the bacteria invade other vessels 
in the same manner in which the first vessels were penetrated at 
infection. Peltier and Schroeder do not describe such parenchym¬ 
atous invasion, progressively increasing from initial infection, but 
describe the passage *of bacteria from vessel to vessel by penetration 
of the thin wall separating opposed pits of contiguous vessels. Al¬ 
though the writer has recognized that passage of bacteria from vessel 
to vessel does occasionally take place r>y the dissolution of cell walls 
{4t p- 70, jig. 18), he has been unable to find convincing evidence that 
passage occurs through pores in pits as described by Peltier and 
Schroeder {6, pp. 7-8). In fact, Ine writer is unable to verify the 
existence of the pores described in the cell membrane. The photo¬ 
micrographs cited as showing these pores or reticulated condition 
of the membrane (6, pi. 1, B, C.) appear to show only a refractive 
effect of tjie lignified thickening of the wall, not pores"in which bac¬ 
teria can or do find lodgment and development. In a recent paper, 
Bailey (1) gives illustrations and a description of vestured nits that 
appear to identify as vestured pits the pit condition in alfalfa illus¬ 
trated by Peltier and Schroeder. 

It appears probable to the writer that Peltier and Schroeder over¬ 
looked the presence of parenchymatous invasion in the early stages 
of disease development, widely scattered and tenuous as it often is 
along the invaded vessels. For instance, they state [6, p. 27): 

As a rule plants in which bacteria are present in the parenchymatous tissues 
in the fall do not survive the winter or spring because of the small amount of root 
reserves found in plants in this stage of disease development. 

?his statement does not accord with the writer^s experience. .In 
the spring of 1933 special search was made for local invasions of 
parenchyma in plants overwintering with but a trace of diseasb. 
Among plants brought from an old field, invasions in parenchyma^ 
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were demonstrated by staining in 80 percent of the plants examined, 
and in 90 percent of overwintering plants artificially inoculated the 
previous summer.’ Invasion of parenchyma has been found, in the 
writer’s opinion, sufficiently associated with all stages of active dis¬ 
ease development to account for progress of bacteria to new vessels. 

RESISTANCE AS INFLUENCED BY SELECTION 

A single experiment indicating the increase in resistance that may 
be obtained from selection alone will be reported here. In the sum¬ 
mer of 1981 a small field planting of cuttings of highly resistant plants, 
well separated from any susceptible plants, set seed. The planting 
consisted largely of selections from susceptible common alfalfa, with 
a few plants of Ladak and of Turkistan origin. The open-pollinated 
seed from each inflividual plant represented was kept separate and 
plants from this seed were tested for resistance the following year, in 
some cases in comparison with a part of the original seed lots. The 
results of this test are summarized in table 5. In the 1930 test of 
the seed lots the plants were inoculated twi(‘.e; in the 1982 retrial of 
those lots and in the test of the seed from the selections the plants 
were inoculated but once. The percentage of resistance given for 
the selections is an average of several trials in the same plot, the 
number of plants included ranging from 60 to 370. Differences 
between resistance in parent stock and selections in the first three in¬ 
stances and in Ladak do not, in the writer’s opinion, represent a 
significant increase in resistance in the selection; but in all other cases 
the increase is regarded as highly significant. This result indicates 
that considerable increase in resistance can be obtained from some of 
the resistant plants selected by the procedure here described. More¬ 
over, the resistant selections in this test ap])eared to have the general 
character of the stock from which they came and were not of the early- 
dormant Turkistan type. Additional selections from this plant 
material and from other sources are being^made for a further test of 
the possibility of increasing resistance in strains from selected plants. 

Table 5.- (Comparison, of resistance in sotne highly susceptible seed lots with resist¬ 
ance in the F\ population of selected resistarit plants from those seed lots 

(Resistanw is represented by the [wreentaRe of plant-s renmininR uninfeete<1 at the end of a routine 

inoculation trial] 

I I Heslstanw of parent Kc.sistance in Fi population from niiintiered 


Parent a' stwk selected plants (1932) ^ 

stock variety _ 


no. 


1 









1930 « 

1932 

Plant 1 

Plant 2 

Plant 3 

Plant 4 

Plant 5 

1210 

Utah Common.. 

0.5 


11.7 

8.7 




1225 

Kaasas Common ... 

.5 

14 

15 

__ 

- - 


'“it 

1245 

IT t.ah Common 

A 1 

22 

22 





1289 

Arizona Common .,. 

• 1.4 

3.4 

23 5 

10 


-1 

t - 

1300 

Montana Common 

1.4 

3.4 

25 

10 

- . 



1301 

Kaasas (Nnnmon_ 

2.4 

. . . .. 

40 

23.3 




1302 

1)0. 

1.8 

7 

49 

_ 




1303 

i:>o-.. 

32.4 


35.3 

38.7 

37.5 ! 

00.0* 


1304 

•. Do- j - 

. 2.8 

1 7 

[ 20.6 

33. 1 

31 

29.8 

’ 40 

1334 

Ladak.. 

^ . 30 , 


30 





•1335 

•Orlmin... . 

1 


31 





.4350 

Turkistan. 

24 


00 

‘ 43 . 7 ' 

59.3 




• Inoculated twice. Inoculated once '^'Average of several trials. 

71187-34-4 
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SUMMARY 

Alfalfa plants grown from seed from various sources have been 
inoculated at Maaison, Wia., during 3 years for two purposes, namely, 
the comparison of resistance in the sources represented and the selec¬ 
tion of resistant plants from which resistant strains may be developed. 

Several procedures by which resistance in plants from different seed 
lots may be compared are describea and evaluated. 

Alfalfa'from Turkistan and Ladak show^s far mor^* resistance than 
that from any other source from which seed has been tested thus far. 
However, occasional highly resistant plants are found from other 
sources. 

On the basis of the routine inoculation used in the tests, resistant 
plants have been tentatively grouped in three classes, namely, immune, 
highly resistant, and resistant. 

Kesistance appears to be exhibited largely in the parenchymatous 
tissue of the plant through which the bacteria make little or no 
progress in resistant plants, and somewhat through the less rapid 
multiplication of the bacteria in the vessels. 

No evidence has been found of morphological differences distin¬ 
guishing resistant plants. 

Increase in resistance in open-pollinated progeny from smne of the 
selected plants has been obtained. 
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A GALL SIMILAR TO CROWN GALL, PRODUCED ON 
GyPSOPHILA BY A NEW BACTERIUM ‘ 

F^y Nellie A. Brown 

AnHocinie pathologist, Divisimi of Ffuii and Vegetable Crops and Diseases, Bureau 
of FHant Industry, United States Department of Agriculture 


INTRODUCTION 

(lulls on tlie (‘rown and roots of GypmphHa paniculata L. were first 
brouglit to the attention of pathologists of the Bureau of Plant 
Industry in the summer of 1932, wlien a grower submitted specimens 
of galls tliat had occurred in an ornamental-plant niirsery in the 
eastern part of the ITnited States. (lalls on Gypf^ophila apparently 
were seen for Wie ffrst time in 1931 by eastern growers of this im- 
l)ortant ornamental plant. However, neither the damage to plants 
nor the financial loss was extensive; consequently the growers did 
not at that time bring the disease to the attention of Federal workers 
interested in plant-disease problems. 

In li)32, of 12 nurserymen who produced Gypsophila paniculata 
for the wholesale trade, only 2 were familiar with the disease, and 
one of tluvse minimized his losses. He admitted that he understood 
the potential danger but stated that his loss had been less than 
1 perc(ui(. The losses of the nurseryman who submitted the galled 
plants in 1932 amounted to about 25 percent. 

A note regarding the discovery of the disease was published in 
the autumn of 1932.- 

THE DISEASE 


The galls occur principally on grafted plants in the region of the 
graft. They are of a soft nodular type, % to 3 cm in diameter (fig. 
1, ^1), and may extend around the greater part of the stem or root, 
eventually causing the death of the plant. It is the practice of the 
eastern Gypsophila growers to lift seedling*plants in the fall to use 
later for grafting with the desired variety. Should their field iilants 
be galled in the summer, they are worthless when dug. 

(^rown gall of ornamental plants, of vegetables, and of fruit trees, 
which, is produced by Bacterium tume facie ns Smith and Town., is 
so well known and wide-spread that no surf)rise is manifested when 
a new host fdant for the disease is found. Consequently, ;w^hen the 
Gypsophila gall was received and examined and its outward aF)pear- 
ance was observed to be very like crown gall, it was at first thought 
that Gypsophila was a new host for crown gall and that the disease 
was not new. 

The roxitine work for identification, however, changed this idea. 
Cross sections examined under the microscope showed water-soaked'i; 
areas and masses of ba<!teria streaming from the tissues, characters 
that are unlike crown gall. No nematodes or fungi wen^ presenk 
The disease was not crown gall, but there was a possibill|by that it 
might be related to one of the other bacterial jxlant tumors, namely, 

-a-!-• % , , 

1 Received for publication Mar. 19, 1934, issued July 19;14 

» paowN^N. A. ANOTHER o ALL-FORMING BACTERIUM. Phytopathology 22- 924-925, illus 1932. 
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PiauRfi Qvpwphila panieulutn gall from an Eastern State. JB, 0. pdnicutafa gall 5 weeks ol(f, pro- 
^oed by inocttMing with an organism isolated from A. C, Seedling 0. paniculata plants: a ted fe, 
inneulatea with 2 different colonies reisolated from gall which produced these galls in less than l 
month; c, eontml plant. Natural size. 
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tlie pocket disense of the sugar beet, produced l)v Bacterium beticola 
(Smith, Brown, and -Townsend) Potebnia; the olive knot, produced- 
by Bad, savastanor E. F. Smith; the oleander gall, produced by Bad, 
mvastanoi var. rierii C. O. wSmith; or a canker of ash trees, produced 
by Bad. mpastanoi yiir. fraxini Brown. 

A further study of tlfc structure of the Gypsophila gall, however, 
showed that it had features unlike these iast-named tumors and 
(‘ould not be (dassed with them. There were no gum pockets in any 
of tlie Gypnophila galls received for examination. There were a 
few brown areas in some of them, but wdiether the discoloration was 
the beginning of the break-down of the gall tissue due to the invading 
organism or to a reaction of the gall tissue to the byproducts of this 
organism is not known. No browning occurred in the galls pro¬ 
duced by inoculation. The Gypmphda galls are so soft that disin¬ 
tegration occurs very easily. 

The galls were studied in cross section (fig. 2) and in the water- 
soaked areas motile bacteria w^ere seen in the cells. Some of the 
cells were filled with them, others were partly filled, while many 
had none. A few of the tumor cells were packed wdth crystals. 
The cells near the periphery of the galls contained the greatest 
number of bacteria. The causal organism of crown gall has not been 
se^en in the natural gall. 

The structure of the Gypsophila galls was found to be much like 
that of crow'n gall. N(»sts of rapidly developing cells could be dis- 
tinguisiied in wliich parenchyma and sclerenchyma cells were mixed 
irregularly (figs. 2, A; 60- 

ISOLATIONS AND INOCULATIONS 

COLONIES 

An organism w as isolated from several galls, the same type of colony 
appearing on the plates jioured from each gall. The colonies w'ere 
abundant and apparently (‘onsisted of the pathogene responsible for 
th(^ disease. They appeared in 24 hours, ^^ere translucent white in 
reflected light, circular, 2 to 4 mm in diameter, slightly raised in the 
center, and finely granular (fig. 2, B). Buried colonies were mostly 
lens-shaped, but some were round. There wexe no irregular colonies. 
In 3 dpys they were a. creamy yellow, 4 to 7 mm in diameter, and on 
thinly sown plates, 8 to 11 mm. Both rough and smooth colonies 
appeared on the plates isolated from the same gall, but tl^e smooth 
colonies predominated. Both types of colonies were used for inocula¬ 
tions ana produced galls of similar size, although the rough type pro¬ 
duced them a little more slowdy than did the smooth type. 

By means of needle pricks grafted Gypsophila plants were inoculated 
at the crown and also on the stems with several of the isolated colonies. 
There was a beginning of gall formation at the crown in 7 to 9 days.^; 
In 2 weeks light-colored •nodular galls 1 to IK cm in diametej^howed 
at the crowns. Some of the inoculated plants were slow ^showing 
infection, but in 3 weeks all had definite galls (fig. 1, if), ^len they 
were 3 cm across, quite frequently disintegration began (fig. 4, 

A). •C|tnkers, instead oi gallsj were produced on the inoculated aerial 
stalls. -On the 24 plants inoculated, the infection oiUcrown and stem 
was iOO percent. 





Journal kJ Agricultural Research 


Vol 48, no 12 


11102 



Fiqurk 2 - A, Cross section of OypsophUa panicuUxta gall showing ceil structure 
Of the OypBo^htlu g^l organism, natural sire C, Potato etemssliow’ 


B, Agar plate cplonie'4 
uiated i 


Of the amophUa g^l organism, natural sire C, Potato etemssliowing swellings, stems iimcuffi 
wwks with OvpsopAfJtooall organism that had previously passed through a i>otato stem and been 
punctures on i^tato stem made at the same lime as inoculitlons 


natural 
inoculated 
relative 


)ted 

--rrflso 
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Roots of seedling Gyp^sophlla ])lttnts inooulatod at the crown likewise 
gave 100 percent infections. The galls formed aboufas rapidly as on 
the older grafted plants (fig. 4, T, a). Hot moist conditions favored 
gall development. Platings were made from the gaHs produced by 
inoculation, and the organism was recovered. Gypnophila plants 
inoculated with this reisolatetl strain developed galls of the same type 
as rapidly as did plants inoculated with the original strain (fig. 1, 
(\ a, 6, c). 

At the time tjie Gypsophila plants were inoculated, steins*of tomato 
{Lycopffsicoft eHciilentum Mill.) and potato (Solanvm tuberosum L.), 
carnations ClJianthus caryophyUus L.), garden balsam {Irnpatieus 
balsarnliui L.), sugar beets (Beta rulyaris L.), Paris daisies {Chrysanthe¬ 
mum Jr utesce os L.), nasturtiums (T/opaeolum L.), and other plants 
were inoculated with the same organism. No galls formed on any of 
them, but welWefftied swellings occurred on the potato steins. .Isda- 
tions were made from the j)otato sw^ellings, the organism was recovered 
jmd outgrowths similar to the natural galls w'ere obtained by inoculat- 
ing Gypsophila plants with this potato isolation (fig. 3, .^1). I^otato 
steins, inoculated with the potato isolation, developed swellings like 
those caused by the original organism, but neitlier galls nor cankers 
(fig. 2, (\ I)), Inoculations made into potato tubers attached to the 
plant at«difl‘erent stages of growth produced no outgrowths. 

The common hosts of Bactetium tumejaciensy such as Paris daisy, 
sumir beet, Ificinus L., geranium (Geianium L.), and garden balsam, 
did not |)rove susceptible to the Gypsophila gall oi'ganisni when they 
were inoculated with it, nor did Bad. tumefaciens produce any 
trace of outgrow'th on roots or stems of Gypsophila paniculata O'lR- 4, 
(\ 6, c). The roots and stems of G. paniculata were also inoculated 
with the olive-knot organism {Bad. savastanoi) and the ash-canker 
organism {Bad. savastanoi var. frajriui) with negative results. 

FILTUATKS AND PLEOMORPHIC’ FORMS 

The juice of crushed Gypsophila galls w't\{^ passed through Chamber- 
land L 3 filters, and Gypsophila paniculata and Lychnis chalcedonica L. 
plants were inoculated wdth the filtrate. No galls resulted. Filtrates 
from beef-bouillon cultures wTre also used for inoculations, wdth the 
same result. A portion of the filtrates w^as held in sterile tubes for 
several weeks, then cultured repeatedly on hardened agar plates, 
according to the technic of Hauduroy ^ and of Hadley.^ With this 
procedure the filtrates passed through the granular and coccus stages 
and later reached the normal rod form again, but when the cultures 
arrived at the rod form the ability to infect the Gypsophila plants wras 
lacking. The cultures would not produce galls. 

The writer had tried out the method previously wdth three different, 
strains of Bacterium tumefaciens^ namely, the Imp, daisy, and peach 
strains. Neitlier the crushed-gall filtrates nor the beof-bouillon-cultui^ 
filtrates of the three strains produced galls when inoculat^ilHnto sus¬ 
ceptible plants. Portions of the sterile filtrates were heldnn tubes for 
a tew wrecks to a few months, then cultured for some time fn hardened 
ag().r plates. From tluj granules, the coccus form developed, and later 

from4;he coccus Uie norftial tods. Inoculations were made into young 

-•- . •. 

» HaVUUROV, P LES ultraVIUU 8 ET LKS FORMES F1LTRANTK8 OKS MICROBES 102 pp Pans 1V)29 
• < Haplky, P , Dei VKS. K , and Klimkk. J the filtrable forms of baiteria i a filtrablb staoe 
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Figure ( 

relsalatod from & paiato stem oifwfiloh a'swelling was produced but not a gall 
however, produced galls on Oymophih root. Photographed 5 weeks aCtor Ino^atlon.' B, Oalljdli Stlene 
armem pnMluped by inooul&tion with the Qypsophm gall organisnu tfog, 2 mouths. C, Qyp9<ipMl3 %a\\ 
1 mornh old cut aorws to ^ow intwnal structure. D. Qallou Imfithus plumariita (garden pink) lA’oduoed 
g»p)»opftl/o gaU organism; time, 2 months. K Diafiihus barbatwi (8W6e^wUlian^) 
«»“ ^ months; no Infection. F, At left gaU on Lpc^n (0 emcedm- 
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susceptible plants with both coccus and rod forms, but no trace .of 
crown fj:all resulted.. 

With t\m,Gyp>^opMla gall filtrates the transition stage from coccus to 
rod came more quickly tluin with the filtrates of Bacterium tumefaciens^ 
and it was hoped pathogenicity accompanied this less tedious manipT 
ulation. It aid not pitive t6 be the case, however, as no infection 
followed inoculations into susceptible plants. 

THE CAUSAL ORGANISM 

. (UTLTUKAL CHARACTERS 

Bekf-ijJfusion a(mr platks. — White colonies arc visible in 24 hours after 
pouring plates from macerat(‘(l gall tissue incuf)ated at 22° to 25° C. In 48 
hours tlioy are dcHip cream to wax yellow and range from 2 to 4 mrn in diameter; 
they are smootii, circular with entire margin, shining, convex, a little thicker in 
th<' center. In 4 daN^ the colonies on thinly sown plates arc 4 to 11 mm*across, 
and in some there is a margin. At 0 days the color is mustard yellow; later, 
primuline yellow.® 

After the organism has been cultured a few' w'eeks in artificial media, plates 
poured from a 1-day beef-bouillon culture may show' more rough than smooth 
colonies. These are much the same as the colonies that appear from the isola¬ 
tion material. Occasionally th(‘re is a rough colony that has a high convoluted 
surface. The color of w’eek-old cultures is primuline yellow'. 

Beef-infusion aoar slants.— There is a thin 8i)reading growdh, usually 
papillate Ifilt sometimes simxjth, on beef agar slants in 24 hours. Under the 
liand lens it has a metallic luster on beef agar. The pH is 6.8 at temperatures of 
25° to 30° C. At 4 days growth is abundant, butyrous, translucent; at 7 days 
the metallic luster has <li.sappeared and there are many crystals. The color of 
the growth is Naples yellow. 

Beef-infijsion bouillon. “--Clouding is prompt, being quite definite in 7 
hours at 34° C.; at 30° there is good clouding in 24 hours; in 48 hours a yellow' 
pellicle has formed which falls readily. 

Thaxter’s potato-dextrohe aoar slants.— The growth is spreading but 
not so rapid as on Ix^ef agar; it is rough, butyrous, cream-colored, and continues 
so when a week old. 

Potato ( ylinders. Then* is a thin cream-yellow growth in 1 day; it is still 
scanty at 6 days, with the color buff-yellow', and the potato is slightly discolored. 
After 30 days the color is Naples yellow', but the medium has not darkened 
further. ' • 

Cohn’s solution. — Grow th is rapid and heavy in Cohn’s solution, and a com¬ 
plete pellicle forms with larger irn^gular crvstals hanging from it. At first the 
p(41icle is w^hite but changes in 7 days to Naples yellow^ The medium becomes 
cream-colored and has a yellow precipitate. 

ITsc hinsky’s solution. “Growth is prompt in this medium, and there is a 
heavy •wiiite pellicle in 2 days; in 12 days the pellicle is cream-colored and the 
medium Naples yellow. 

Fermi’s solution. -Grow th occurs readily but is not so heavy as in«Uschinsky’s 
solution. There is a w'hite pellicle in 2 days, which changes to mustard yellow' 
in 12 days. 

PHYSIOLOGIC CHARACTERS 

laguEFAUTiON OF gelatin.- -No liquefaction begins in beef-gelatin stabs until , 
the cultures are a month old. The liquefaction continues slowly and is not com¬ 
pleted until after 4 months. The cultures were kept at 14° to 15° C. and thret^ 
different lots of l>eef gelatin, having pH 6.5, 7.0, and 7.3, respectively, were used*. 

Colonies on beef-gelatin plates are cream-colored until 6 days ol(i,^ien they 
become mustard yellow. Both smooth and rough colonies occur-^n all plates, 
with the rough iype more abundant; they are translucent in rclected light, 
transparent in transmitted light. In 3 weeks there are little hollows around the 
colottk^9,*and in 4 wi^ks liqtiefaction is definitely visible but continues very slowdy. 
In.heawlly seeded places the gelatin is entirely liquefied in 4 months; in sparsely 
se^ed plates the liquefaction extends 1 cm beyond the 'colony. FeatnVry 

branched crystals are formed on the plates and in the stab cultures. 

. . * • • . 

4 The color resdiugs in this paper are based on the colors In the following publication. RiDa>J ay, R. 
tmoR stanu/ruh and coum NOMENCLATUKE 43 pp , illus. Washington, D C. 1912. 
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4.-4, Gall oil Oypaophita pankulala, mostly rotted off. Crown was Inoculated with Qitt^sfopUla 
gall organism Jwly 23,1932 •Photographed Augtm 30,1932. J3, Cankers, not galls, produced on O. pani- 
euUUa«tetn$, by inoculation with the Oypn&phUa gall t»rganism; tlme^ 3 months. C, Seedling G, paniculata 


turntfaciena hop strain, no infection; c, with Bad. tumefacitm daisy strain, no infection. All natural sise. 
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Milk. —Coap;nlali(>ii of milk occurs at 9 days, with very little whey*. A light 
straw-colored pellicle \h visible at 6 days. The curd digests i^owly, beginning M 
17 days and being com]jleted in 90 days, at which time the color of the milk is 
tawny. 

Blood sehum,- A very *good growtli takes place on blood serum, but Uiere is 
no li(|uefaction. The mustard-ycallow color at 2 days becomes the deeper priniu- 
line yellow at 12 days. The bloixl serum grays a little at the base. Cultures 2 
months old show, .no trace of liquefaction. 

Reduc tion of litmus. There is a dull pink color throughout litmus-milk 
cultures in 24 hours, and the original color, pale aniline lilac, is changed to pale 
lobelia violet; ii^ 48 hours this color is still duller except at the stirface of the 
liquid. In general th(» color change in comparison with the uninoculated tubes 
is slight. In ^ days the litmus has faded to lavender-gray and in 10 days it is 
reduced,‘the color now being tilleul-buff; there is a yellow pellicle and yellow 
])recipitate of the growing organism. Coagulation usually takes place on the 
ninth day, sometimes on the eighth day, after litmus milk has been inoculated. 
Digestion of the curd is slow, not being completed before 8 months. The medium 
at this time is (kill n^Jdish purple, and the organism is still alive. 

Redu<;tion of nitrates. —Nitrates are reduced to nitrites. Tests were made 
on nitrate-bouillon cidtures 3 and 5 days old, with the sulphanilic acid a-najilithyl- 
amine t(^st. Then* w’as a good red color in all the tubes, indicating the presence 
of nitrites. Other cultures wiien 25 and 30 days old were tested with the same 
result. 

Indol rHODU(’TH)N.—No indol is produced. Tests were made on the organism 
growing in tryptophane broth at 3, 5, and 30 days, respectively, with the Ehrlich- 
Bohme method. HncAllua coli (E.scherich) Migula, which produces indol, grown 
as a contiit>l and tested at the same time, gave a good pink color, a positive test. 
The (tfjpsoplnla gall organism showed no pink color. 

Fermentation of ('arrohyduater. —The organism is not a gas former. It 
was tested in ferm(‘ntation tub(*s in the presence of the following carbon com¬ 
pounds. Dextrose, saccharose, lactose, glycerin, and mannite. A 1-percent 
solution of each was made in a 1-percent w’ater solution of Difeo peptone. Besides 
heavy growth in the open arm of each tube there was growth in the closed arm of 
the tulx* with each compound except glycerin. No gas was jiroduced. Acid 
was produced in all tin* solutions but that of lactose. A second test was made 
with the same result. The pH readings were taken just before inoculation with 
tlie (hjpuophila gall organism, also 20 and 27 days after, as shown in table 1. * 

The same carbohydrate's added to synthetic agar with broin cresol purple as 
indicator, made according to the formula given in the Manual of Methods,*^ were 
also t(*sted for fermentation. Growd-h occurred promptly, as did the acid reaction 
with saccharose, dextrose, glycerin, and mannite^ the yellow* color change in the 
purple metlium beginning in IS hours and being complete in 48 liours. There was 
growth in the lactose cultures but no color change. 

T\ble 1.— Acid production by the (rypsophila gall organum after ^0 and 27 days 
of growth in 1-percent sugar solutions added to percent Difeo peptone 

1 \cidity in(U(*aie<l by pif mulinssj 


pll of 
plain pep¬ 
tone winter 


7;4 

7.3 


DiASTATiu action. —There is no reduction of starch. On sta^h-agar plates 
streal^jd with the organism and tested at 5, 9, 12, and 1(> days, respectively, there 
waif no’clear zone ih thejnedium. 

• AMiloNiA PRODUcViON. —The organism produces ammonia. Tests werejgpiade 
with K)fd and young beef agar, beef bouillon, and peptone-wajer cultures^ using 

*« Society of American Bacteriologists, Committee on Bacteriological TECHitlQnE.. manual of 
METHODS FC|I PURE CULTURE STUDY OF BACTERIA. 130 pp., lllUS. Geneva, N.Y. 19«30. * 


pll of .solution containing i>eptone and indicated enrbo- 
liydmte 


Number of days of urovvtli 


l)e\trose J.,actose 

Saccharose 

Mu unite 

Glycerin 

0 . . . fi b i) b 

fi 7 

0.7 

0 b 

20 . 4 2 7 0 

b 0 

0 

r. 4 

27 - -. ..... 4,4 S 

r>, 0 

4.9 
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filter papdr saturated in Nessler^s solution and suspended in the tubes. When 
the* cultures were heated in a water-bath, browning of the papfer began imme¬ 
diately. In cultures 2 weeks old the brown color was much more pronounced 
than in the 3- and 5-day cultures. 

HYi>Kor.EN SULPHIDE PRODUCTION.—The organisiif may produce a trace of 
hydrogen sulphide. Agar, l>eef-bouillon, and potato-cylinder cultures were 
tested by suspending lead acetate paper in the*culture tubes. When the beef- 
bouillon cultures were 8 days old there was slight darkening a,t the tip ends of 
the paper, indicating hydrogen sulphide production; there was slightly more 
darkening of the paper when cultures were 2 weeks old. There W’as no darken¬ 
ing of the pa{)er in the other cultures. 

The organism was then grown on lead acetate agar. A hea\^y yellow^ growth 
occurred on the red agar, but there w^as no dark line or any browming indicating 
the presence of hydrogen sulphide. A second and third test with the lead ac(date 
agar w^as made which likewise showed no hydrogen sulphide production. 

Toleration op sodium chloride. —The organism grows in pH 6.5 beef- 
infusion bouillon containing 6, 7, 8, or 9 percent of sodium chloride. There is no 
grow^th in beef bouillon containing 10 percent of sodium chk>ride^ 

Oxygen relations. —The organism is a facultative anaerobe. In tests made 
with shake cultures of agar and gelatin, tiny clumplikc colonies grew throughout 
the medium. When long sterile cover glasses w^ere dropped on hardened agar 
plates streaked with the organism, growth was more abundant at the edges of 
the cover glass, but it extended inside the edges, showing the anaerobic tendencies. 
In agar and gelatin stab cultures it grew* at once at the bottom of the tube, and 
in synthetic-dextrose-indicator-agar shake culttires, the purple color of the medium 
was changed to red at the bottom of the tube as (luickly as at the surface of 
the medium. 

Thermal relations. —The organism grows at temperatures ranging from 5® 
to 40® C. The optimum temperature is about 34®; it does not grow* at 0® nor at 
42® and only faintly at 5® and 40®. 

The thermal death point is between 52® and 53® C., wi>en fresh beef-bouillon 
cultures, pH 7.0, are exjiosed in a water bath for 10 minutes. 

Growth in beef bouillon. —The liest growth in peptone-beef-infusion 
bouillon takes jdace at pH 6.5 to 6.7, although the organism has a w ide range, 
extending from pH 5.1 to 9. There is no growth at pH 4.9 or 9.1. At pH 5.1 
there is only a faint growth; at pH 9 there is a fair amount of clouding wdth 
pellicle. ' 

Effect of desiccation. —The organism is only slightly resistant to drying. 
Sterile cover glasses smeared with young lieef-bouillon cultures and dried at ro(nu 
temperatures (24® to 27° C.) were dead in 5 days. 

Effect of freezing. —The,organism can withstand freezing temperatures 
for more than 45 days. Immediately after being transferred, beef-agar and beef- 
bouillon cultures were placed at temperatures of —21.7® to —23.9® C. Some 
wvre removed after 7, 9, 12, and 45 days. All show’ed typical growth within 1 
dav after the medium melted. 

Longevity. —The organism lives for 7 to 8 months in sterile milk and beef 
bouillon, pH 6.8, at room temjx^rature of*22® to 30® C., wdiereas it dies ou beef 
agar slants, in Cohn's, Fermi's, and Uschinsky's solutions, aft-er 4 months at the 
same temi>eratures. Hterile-milk ancl beef-bouillon cultures kept at 14® are alive 
after 11 months. 

Virulence. —The organism remains virulent for more than a year. Fifteen 
months after isolating, transfers descended from the original isolation, including 
a smooth and rough colony, w^ere inoculated into Gypsophila paniculaia plants. 
In 7 days the galls were forming and continued to grow rapidly. 

Chromogenesis, —On beef agar the color of this organism is at first a light cream 
that changes to a Naples mellow in a few days. It is much the same in other 
solid media. Later the color may be mustard yellow or primuline yellow^ 

" MORPHOLOGY 

Grown ol beef-infusion agar, the QypsophUa gall organism is a 
short rod with rounded ends growing singly, in jiairs, and occasidhally 
in qfcains of four to several elements; in* rare c&ses* there have*been 
more^than 25. < Grown on beef agar for 1 day and stained with carbol 
fuchsin, .the «siEe is 0:5^ to 1.2m long by 0/3m to 0.8m wide. Grown 
on the same medium for 2 days and stained with gentian violet, the 
* •. \ 
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size is ().4 m to 1.08/x long by 0.2/x to 0.62// wide. -The organism is 
motile on beef agar and in beef bouillon and its motility was dem¬ 
onstrated* by staining with.(^asares-Gil flagella stain. There are 
several flagella, all bipolar. (Capsules are formed, as was shown by 
staining young beef agar cujtures with Ribbert^s capsule stain. The 
tests for endospores showed none. 

STAINING RELATIONS 

V 

The organi^n stains well with gentian violet and carbol fuchsin. 
It is not acid-fast and is (Tram-negative, (llucker's modification of 
Gram A^as used.) 

TECHNICAL DESCRIPTION 

Bacterium gypsophilae* sp. nov. 

A motile rod 0.4? to 1.2/u long and 0.2iu to 0.8m wide, with several bipolar 
flagella; capsules present, no spores; Gram-negative, not aeid-fast; colonies on 
beef-infusion agar an* circular, either smooth or rough, yellow^, butyrous; clouds 
beef-infusion bouillon heavily in 1<S hours; li(|uefies gelatin slowly, but not blood 
scrum; is facultative anaerobic; coagulates milk; reduces litmus in 9 to 12 days; 
grow's well in Cschinsky’s and Fermi’s solutions and unusually Avell in Cohn’s 
solution; reduces nitrates; produces ammonia and a trace of hydrogen sulphide 
but no indol; no diastatic action; survives cover-glass drying only 4 days; acid 
without gas prf)duced with saccharose, dextrose, maltose, inannite, but not 
lactose, And only a slight amount with glycerin; the optiiiium temperature for 
growth is over 30° C., the maximum is 40°, the minimum is 5°; thermal death 
point is between 52° and 53°; optinmm reaction for grow’th is from pH 0 5 to 6.7, 
limits <»f growth from ])H 5.1 to 9.0; in beef bouillon and in sterile milk lives 8 
months at 22° to 28°, o\er 11 months at 14°; stains readily with carbol fuchsin 
and gentian violet; pathogenic to Gypsophtla paniculatn anrl some of its relatives, 
producing galls on the crow n arid root, and cankers on the stem. 

('DMPARISON WITH BACTERIUM BETICOLA 

If 

BecHUvse of certain points of resemblance between Barterifim 
(jypsophUae and Bact, hetlcola and the lesions caused by tlieni, a study 
of certain cultural, physiologic, and morphologic characters of these 
organisms was*made. A comparison o^ these characters is shown 
in table 2. 

NATURAL INFECTION AND CONTROL 

The Gypsophila gall organism is selective in its host plants, as only 
related plants liave been found•suscejitible to it; however, there are 
also related plants which are not susceptible. The limitation of this 
gall-forming ability differs from that of the crown-gaM organism, 
wliich produces galls on many unrelated plants. The hosts suscep¬ 
tible to the Gypsophila gall organism are Lychnis chalcedonica (fig. 3, 
F)f Dianthm plumarim \j. (fig. 3, />), Silene armeria \j. (fig. 3, /?), 
and Saponaria vaccaria L., whicli is the weed soapwort (fig. 2, E and 
F). This last relative seems to be more susceptible to the organisni 
than Gypsophila paniculata itself, for infection begins in :^o 4 da;^s 
after inoculation and galls are formed very rapidly. It imy be that 
this weed is the natural host of the Gypsophila gall organism an^ it 
would be advisable not to allow it to grow in the neigjiborhood of 
Oypttovhda plants. Another relative, Saponaria, ocymoides splendens 
Horfr., IS slow’^ to become infected, as the galls did not begin to^form 
on young plants until nearly 3 weeks after inoculatidni The relatiyes, 
•Cerastium tomentosum L., Tunim saxifraga Scop., Spewgula pilijera 
DC., Diardhw harbatus L., which is the common sw^eet-william 
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(fig. 3, E)y and, the greenhouse conations are not susQeptible. It is 
ah interesting fact that the carnation is not infected by the OypsopkUa 
gall organism, for Bacterium tumefadens produces galls thereon quite 
readily, and occasionally natural Bact, tumefacuns galls are found on 
it.' To be quite certain that carnation plants could not be infected 
by the Oypsophila gall organism, inoculations were made at different 
times of the year and in different growing stages of th^. plant. Other 
hosts that did not prove susceptible are sugar beet, tobacco (Mco- 
tiana tahaeum L.), Ricinus communis L., Paris dajay, Impatiens 
halsamimiy tomato, geranium, rose {Rosa L.), Bryophyllum pinnaium 
Kurz, nasturtium, and two monocotyledons, amaryllis {Amaryllis L.) 
and calla {/antedeschia aeihiopica (L.) Spreng.). As stated previously 
decided swellings but no galls formed on the potato stem. 

Table 2 -Comparative cultural^ phystologiCy and moipnologtz characUrs of 
Bacterium gypsophilae and Bad bcticola 


Character compared 


Bacterium gypsaphtlae 


Bacterium beticota 


Colonies m beef ajtar plates 


Circular none irregular butjroub 
uhite hrst du\ deep ireaiu to 
3ellow 4 to 8 nim m diameter in 
4 days 


( ircular some irregular viscid 
buff colored first dav vellow 4 
to fi mm m diameter in 4 days 


C ohn s solution 
Liquefaction of gelatin stabs 

Hydrogen sulphide produi 
tion 

ludol prodiution 
Kedudion of nitrates 
Reduction of litmus milk 

(las produ( tion 
Acid produced with dextrose 
saccharose glycerin and 
mannite 

Acid produced with lactose 
Ammonia produc tion 
Diastatic action 
Relation to oxygen 
Relation to acid and alkali 
Temperature relations 


burvives cover glass drying 

f olor 

Sire 

dram negatiye or [mitive 
Pathogenicity 


Rapid heavy growth 
Begins after 10 days complete after 
4 months 
A trace to none 

None 

Nitrates reduced 

C omplete in 9 to 10 days milk co 
agulated in 8 to 9 days 
None 

Acidity prociuced 


None 

Ammonia produced 
None 

Facult8t<,ve anaerobic 
pH range 5 1 to 9 0 
drows from 5® to 40® ( optimum 
about 14® thermal d<htn jM)mt 
62® to 53® 

4 days 

Ranges from white to vellow 
0 4m to 1 2 m long 0 2 m to 0 Km wide 
Negative ^ 

Produces galls on Gypsophtla pam 
ciUata but no^ on sugar tieets 


No growth 

Begins after 7 to 8 days complete 
m 20 to 10 days 
Rapid and good produc lion 

None 

Nitrates reduced 

( omplete^ m 20 to K) davs milk 
coagulated m 10 to 20 days 
None 

Acidity produced 


None 

Ammonia prcKluced 
Stare h reduced 
Aerobic 

]>H range 4 8 to 9 1 
drows from I 5® to 49® ( opti 
imini alxmt 29® thermal death 
point 51® to 52® 

7 days 

Ranges from buff to yellow 
0 f>M to 2m long 0 4m to 0 8m w ide 
\ anable 

Produces galls on sugar lieets but 
not on OypmpkUa pamculata 


The Oypsophila gall organism produces cankers on stems of Oyp¬ 
sophila panicvlata, fair-sized cankers forming in less than 1 month 
after inoculation, large ones m .3 months (fig 4, B) On Lychnis 
"chaleedonica stems the infection is of the typical gall type Lychnis 
crowns inoculated in November in the greenhouse develoiied galls, 
which rotted away during the winter In the spring, when growth 
started, hew galls formed which became larger than the original 
ones. This occurred with inocalated 0 panicvlata plants also, 
although the galls were not so soft and did not disinteOTate so easily 
The organism, like other oi^anisms thati prpduce galls, is a n^ound 
parwite, this one getting into the plant from Ihe soil through im- 
perfect grafting or through cultivation wounds. The disease oocuis 
on lairds that have been manured and on those that have not. 

^ T^ ramd developmant of galls at the crown produces the death 
of eonie of ♦be stems,.and if the girdling is complete the death of 



June i.% J 034 Gall Produced on Gypsophila iy a New Bacienum ^ 1111 

the entire pla^t follows. A small gall which has iQpt caused any 
apparent trouble to the plant may be a decided menace to others 
later. The method used for. propagating Gypftophila plants is to 
graft a desirable variety on seedling roots. If this Variety is galled 
the organism is carrieef over to the young seedling roots and galls 
develop. Because of tlie sensitiveness of the gall organism to weak 
solutions of merctiric chloride, control measures can be carried on 
at the time of grafting to reduce the amount of disease occurring in 
the field. The^oots should be dipped in a 1:1,000 mercuric chloride 
solution for to 2 minutes to kill the Gypsophila gall bacteria that 
may be on tlie sui'face; then with a disinfected knife a well-matched 
graft should bo made and bound with nursery tape. 

The sensitiveness of the organism to weak solutions of mercuric 
(‘hlorido was teste^ out by the poured-plate method. A fresh beef- 
bouillon transfer was exposed to 1 cc of a 1 :1,000 solution of mercuric 
(‘hlorido for various lengths of time and then plates were poured, 
carrying over a loop of the exposed culture to each agar plate. No 
Gypsophila gall colonies apj)eared on the plates exposed over lli 
minutes to the mercuric chloride solution. As Gypsophila paniculata 
plants are not very sensitive to a 1:1,000 solution of mercuric chloride 
tlu^y can be treated with it to kill the gall organisms that may be 
present (tri the surface. Twenty-five seedling plants 3 to G inches 
tall were soaked in the solution for 1 minutes, 25 for 3 minutes, 25 
for 5 minutes, and 25 for 10 minutes. There was no appreciable 
injury to the jilants from this treatment, even in the lO-minute lot. 

In planting out scH'dlings and grafted plants, in weeding them and 
in loos('ning the soil about them during the summer, care should be 
taken to avoid wounding, for the organism may be present in the 
soil and may enter tlie plant through some tiny wound, 

SUMMARY 

An outbreak of an infectious gall disease occurred in 1932 in an 
ornamental-plant nursery in the eastern part of the United States, 
The galls were on the crown and roots of Gypsophila paniculata. 
They wen' soft and nodular; some w'ere flat and sineading, others 
globular. 

The Gypsophila galls when de'^eloping do not have the fissures or 
pockets that occur in developing galls (^f pocket disease of sugar beets 
and in those of olive knot. Growth of the galls is favoned by hot 
moist winithor, which also favoi*s the disintegration of the old galls, 
releasing more organisms into the soil. Imperfect grafting and 
cultivation wounds allow entrance of the pathogene into susceptible 
tissue. Galls weaken the plants, producing defoliation and death of 
stems and, where girdling is severe, death of the plants. 

An organism, which could bo seen readily in sound gall tissin^ 
under the microscope, w’as isolated from the outgrowths and*ytoduced 
galls when inoculated into healthy plants of Gypsophila paniculata, * 

Galls were also produced by inoculation on several speej^es related 
to Gypsophila^ but the^organism did not produce galls on the sugar 
be.eC, which is tliq host oi the pocket disease, nor on such colTimon 
Iwjsts. <5f the crown-gall organism as the Paris daisj^, Ricin^ii^,* or 
geranium. 
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For ’the pathogene, which is a yellow, polar>flagellate organism 
apparently unlike any other known gall-producing organism, the 
name Bacterium gypsophilae is proposed. A description of its cultural, 
physiologic, and morphologic characters is riven. 

• A comparison has been made between the new gall organism and 
Bacterium betwola, the organism causing the pocket disease of sugar 
beets. 

A study has been made of conditions governing the natural occur¬ 
rence of infection, and methods of controlling ttie disease are sug¬ 
gested 



EXPERIMENTS ON IAROVIZING CORN ‘ . 

By Geqrge F. Hpraoue 

Attsulnrit agrortomist, Division of (Weal Crops and Diseases,'' Bureau of Plant 
Industry, United States Department of Agriculture - 

INTRODUCTION 

The iiietliods of iarovization advocated by the Russian workers fall 
into two^distintt groups: The low- and the high-temperature treat¬ 
ments. The* low-temperature treatments have been known for a 
long time and are well established experimentally, as is evidenced by 
the work of Klippart (5, p. 757),^ Lysenko (4), McKinney and Sando 
{6), and others. The high-temperature treatments are less well 
established. They* have been advocated as a very effective agent 
in the hastening of sexual maturity in the short-day plants. If the 
results reported by the Russians are universally confirmed, the process 
of iarovization might be expected to play a very important role in 
(*ertain temperate regions. Iarovization ()f corn in the United States, 
however, even if effective, does not appear to offer any great commer¬ 
cial |)ossibilities. On the other hand, it might have considerable 
value iri 4*01141111 jihysiologic and genetic experiments. 

THE PROCESS OF IAROVIZATION 

Originally the term “iarovization^' (vernalization) was applied only 
to the low-lempcrature treatment of winter wheat to induce jointing 
and hasten sexual maturity. At the present time the term is gen¬ 
erally applied to any treatment having as its object the hastening of 
sexual maturity. 

The requirements for different crops differ in the duration of the 
treatment, the temperature, and the moisture content of the seeds. 
A summary table is presented by McKinney and Sando (7) listing the 
requirements for a few crops. All of tlie high-temperature treat¬ 
ments, according to the Russian workers, must take place in darkness. 


MATERIALS AND METHODS 


The ex])eriments reported in tthis paper were conducted at f lie 
Arlington Experiment Farm, Rosslyn,, Va., in 1933. Eight hybrids, 
9 inbreds, and 1 variety of corn and 1 strain of teosinte wer« included. 
The variety of corn used was Gaspe, one of the earliest kno\\ui. The 
hybrids and 7 of the inbreds are adapted to Corn Belt conditions. Of 
the remaining inbreds one is a derivative of the Garrick variety 
wliich is adapted to the South, and the other is a type called “Cuz- 
coid” because of its resemblance to the varieties from Cuzco, Peru, 
This last is a simple Mendelian recessive and in the segregating prog- 

» Received for publication Apr. 16, 1934; issued July 11W4. ^ , « , , * 

i The writer acknowledges his indebtedness to H. H. McKinney and W. J. Sando for the use of tempera¬ 
ture-control facilities and greenhouse space and for helpful .suggestions during the wogress of these 
investigations. ^ 

5 ijpfeftjiioe is made by jiumber Jtalic) to Literature Cited, p 1120. 
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enies far ^sted has required aiiout twice as loqg to reach the 
reproductive stage as its normal sibs. Sexual maturity in this strain 
has not been hastened by exposure to. a 10-hour day. 

A further indication of the range of season represented by the in- 
breds in lids test ma.y be obtained from the following conmarison. 
The earliest strain, 616, shed pollen 60 days after planting. Cuzcoid, 
the latest strain, was killed by host October 26, 160 days after plant¬ 
ing, wdien loss than one-tenth of the plants had tasseled. At this 
time it hild an average of HS nodes per plant. „ 

All of the seed used was soaked in a 0.5-perceut solution of Uspulun 
for 2 hours and then rinsed. They were then soaked for 9 hours in a 
weak salt solution of about the same molecular concentration as tap 
water and were then dried to approximately the moisture content 
(30 percent) leconmicnded. This method was ^found to result in 
much more uniform germination than adding stated quantities of 
water as recommended by Lysenko (4). One complete sot of the 
samples was then placed in light-proof bottles in a constant-tempera¬ 
ture chamber and held at 75° F. for 14 days. Duplicates of some of 
the samples were subjected to the same temperature conditions, but 
exposed to the normal day or to continuous light (normal da.v i)lus 
artificial illumination). One lot was held at a temperature of 38° F. 
for the same period. At the end of the 14-day period all of th<‘ 
samples were planted in the field. In tho.se samples in which ger¬ 
mination had progressed the farthest the radicles were approximatel.y 
5 to 8 mm and the plumules 5 mm long. Molds, paiticularly Peni- 
cillium, occurred in some seed lots, but no visibl.y infected seeds were 
planted. 

The iarovized maleiial was hill-checked in some cases in comparison 
with sprouted seed, and in other cases with dry seed of the same sort. 
In some instances, tjie difference due to the slight hastening of emer¬ 
gence becau.se of the sprouted condition of the iarovized seed per¬ 
sisted and was reflected in a slightl.y earlier tasseling and silking 
(table 2, items 3 and 6). iThis should not be a serious source of error 
in experiments of this kind, as a slight advantage from this cause 
would be iiKsignificant as compared with the marked acceleration 
which must result from iarovizatinti if the method is to be commer¬ 
cially practical. 

Dates of gernunation, pollen shedding, and silking w'ere recorded 
for the plants in all perfect lulls. In addition, percentage of germina¬ 
tion, number of nodes, plant heights, and plant yields were obtained 
in most cases. All of the data, reported are base.d on comparisons 
between plants of the same strain growing in the same hill. 

EXPERIMENTAL RESULTS 

; The effect of the treatments on field germination and on einei^ence 
of the iqbreds is shown in table 1. In eve^ case iarovization resulted 
ip a ma^ed reduction in gennination and in 13 of the 14 cases delayed 
emergence. The germination of the iarovized seed was so poor and 
seedling mortality following germination so great that no adequate 
datau>n maturity are available. For the tluep strains A, 3i24, vind 
546» which had. the Mghest germination pereent^e and for,‘which 
meager data tre available, there was no indication of a hastened 
maturity Mlowing the treatments. 
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Table {.-—Effects of larovization on field gernnnaiion and emergence in >4 inbred 
, strains of corn 


— , JU 

- 

— 

—r — 


** 

(lerniHuition 

Iiibiod stiiiiii no 

('oiidition of du*c*k 

Liro\ ized 

Chock 

• 



m 



Perct nt 

Pircejit 

()IG 

Spiouted 

.V) 0 

97 5 


' do 

70 0 

97 .5 

324 

(lo 

7'“> 0 

100 0 

420 

do 

.V) 0 

9.5 0 

420 ' 

1 do 

32 .5 

97 .5 

420 ' 

tio 

7 5 

1 97 .5 

401 , • 

1 do 

22 5 

97 5 

401 

1 do 

2.5 0 

9.5 0 

401 

do 

40 0 

100 0 

401 

Orj 

20 0 

97 5 

'>40 

hpiouled 

SO 0 

97 .5 

b 

do 

22 T) 

92 .5 

207 37 

(lo 

35 0 

72 .5 

('u/ioid 

(io 

54 0 

1 S3 0 


Meagj dif¬ 
ference . 
between * 
iarovized 
and check 
vseed lots 
in lime to 
emergence « 


J)ayi 

1 4 

1 3 
9 

2 0 

1 7 

2 5 
1 H 

1 7 

2 0 

1 7 
3 

2 0 
-.4 
f. 5 


' l’(»siti\e dinerence^ imlu itc the iaio\i7ed lot enierued I ifei than the (he( k In the < olunm headc<l 
ciiieriieiKC a jiositne dittcience mdn ttes that the iaio\ i/e<l lot rctjuired more <ia\s it) emerge than the 
(ontiol 

I laiON i/cd in light (da\ onl\) 

' lno\i/od in liglit ((ontmuous; 


With die more Aij^orous nuUorinl, which includes the liyhrids and 
the Miriety (hispe, there was a slight but consistent reduction in 
germination as a result of iarovization, as shown in table 2. The time 
re<iuired for germination shows no consistent differences resulting 
from the treatments. Only three of the mean differences are signifi¬ 
cant. In two of these, iarovization appears to have had an ac(‘elerating • 
effect, hut in both the che(‘k seed was dry and ungerminated. In one 
instance there is a significant retardation. In this paper, differences 
have been considered statistically significant when P is 0.02 or less. 
Sucli differences are italicized in table 2. • 

In 8 of the 15 comparisons, plants from iarovized seed shed pollen 
significantly before the checks, but in only 5 cases \^as there a signifi¬ 
cant difference in silking. This is in accord with general observations 
that pollen shedding is influenced^to a greater extent by environment 
than is silking. There is a fairly higli positive correlation betw^een 
the days reipiiied for emergence and for pollen shedding,. Substan¬ 
tially the same degree of correlation exists in both the iarovized 
and control lots. It should perhaps be emphasized that while in 
several cases hastening of sexual maturity is statistically significant, 
in no case is the acceleration of any significance agronomically. 

The numbers of nodes visible at maturity were fewer in the plants * 
from iarovized seed in all of the 11 comparisons involving iarovized 
t\ noniarovized seed and of which counts were made. Only 7 ^f the 11 
differences are statistically significant, but 11 deviations, of like sign 
would bo expected only once in 2,048 trials as a result of sampling 
error«alone, Countiiijj nodes visible at maturity is not sHitisfactory 
w.her(i Mie absolute luunbei* w wanted. In the present case, ho^rever, 
the niterest lies in the relative difference between paired phm^ of 
sniccessive hills, and the visible number of nodes is just*as satisfactory 
, a basis fpr ^^omparison as tlie absolute number. ’ * ‘ . 
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Table 2.— The ejects of iardvizaiion on variovs agronomic characters in 8 hybrids 
. ’ * and 1 variety of corn 

• f Oiflteren(»s for which P is less tjian 0.02 are italicizAdJ 


. r ... 


Field gerrai- 



nation 

Hybrid or variety 

0 

Condition of 
chock 





Iaro¬ 

vized 

Check 



Pcf. 

Pet. 

AX325. 

rtprouied-- .. 

87.6 

96.0 

AX164__ . 

AX164 »». 

AX164.:.i 

Dry.. 

96.0 

100.0 

. do--. 

100.0 

100.0 

Sprouted,.-. 

92.5 

100 0 

420X164 . 

420X164 «•.. 

Dry.. 

72.6 

96 0 

-.do. _ 

96.0 

97 5 

420X164 _ --- 

Sprouted. 

, do_ 

86.0 

87 6 

420X4 H_ ... 

97. 5 

100 0 

XXX 

do.-.. 

100 0 

100 0 

do_ 

96 0 

100.0 

. .do . 

96.0 

100.0 

LX317. 

_do. 

97.5 

100 0 

317X461. 

_do.. 

100.0 

97.6 

.. 

_do. 

96 0 

100 0 

Do.^ .. 

.do ... 

96 0 

97 5 I 


Mean dllTerenoes between iarovized and control 
• • plantings in— • 


Time to- 

_ 




Weight 







of 

Emer¬ 

gence 

Pollen 

shed¬ 

ding 

Silk¬ 

ing 

Nodfs 

Plant 

height 

Ears 

shelled 

grain 

per 

plant 

Days 

Days 

Dayn 

No. 

Inched 

No 

Gramn 

0.8 

-0.7 

0.3 

-1.9 

-9 

-0 1 

-14.8 

-.4 

-S.O 

-1.9 

-1.8 

-7 

.0 

8 

-i.O 

-1 7 

-l,Bi 

-.3| 

-9 

- 1 

-18,7 

,0 

-2.0 

-1.2 

-1.6 

-5 

-. 1 

-U 5 

.0 

-.0 

-.4 

-1.1 


- 6 

-40 0 

-i.O 

_» / 

-1 S 

-.3 

-3 

—. 1 

-8.9 

.6 


. 7 

-1.0 

-3 

-.3 

-28 1 

0 

-1 0 

-6 

-1.2 

-3 

.0 

! -SS. 0 

—. I 

-1 7 

-.9 

-.H 

-3 

.0 

1 -W 1 

!o 

-2 7 

-1 9 

-1.0 

-3 

.0 

-1 9 

6 

1 

2 

-.8 

-4 

1 

-23 9 

- 6 

-/ B 

-1.0 

- 7 

-3 

,0 

-10. 3 

.4 

-.3 

- 2 

—. 7 

1 

- 3 

-23 7 

/ 5 

.7 

.6 





.6 

-3 

- 6 

i 

-- ---1 




« Positive dillereiuM; indicates larov ized lot exceeds check. • 

<’ Sprouted, not iarovized 
' Iarovized, continuous light. 

Iarovized at 38'^ F 

There appears to be no consistent relationship between the reduction 
in number of nodes and plant height as a result of the treatment. In 
some strains the iarovized plants exhibit a significant reduction in 
number of nodes and yet are not significantly shorter than their 
controls. 

Where any differences exist in number of ears, the iarovized material 
always has the lower nuriiber. None of the differences, however, is 
significant. 

All of the iarovized material exhiliits a reduced yield of shelled 
grain per plant, only five of the comparisons, however, being sig¬ 
nificant. The reductions in yield indicated in table 2 as being sig¬ 
nificant represent a reduction of approximately 15 to 30 percent. If 
is worthy,of mention that the*comparison exhibiting the least reduc-' 
tion in yield was significantly earlier in pollen shedding and silking 
than its controls and was iarovized under continuous light. 

In the variety Gasp6 iarovization at 75° F. or at 38° F. for a 14-day 
period was ineffective in hastening sexual maturity. 

« DARKNESS REQUIREMENT 

Accosding to the theory advanced by Lysenko (4), short-day plants 
require light for processes of growth and the absence of light (dark¬ 
ness) for the initiation of reproduction. The necessary darkness 
may be supplied continuously during the early stages of the.plant's 
development or as periods alternating with Jigl^t, as in day “and 
nigkt, during a greater portion of the plant’s development. 'laroYi- 
zatiSn carriMkin in the dark is presumed to be effective, in the ca^ 
of short-daV plants*, because it satisfies the plant’s reqmrment for 
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darkness. Witli this requirement satisfied, the phint^k^jre able to 
})ene(il from the long days, and hastened sexual jnaturitv^*^ults. 

The theory of a "‘darkness requirement” for the initiation of 
reproduction in ^jorn, at least for some varieties of ’the tem])a*ate 
regions, is not in agreemenit with several facts. Corn has beeiV 
grown in the greenhouse at the Arlington Farm during tw^o winters 
under continuous illumination (normal day plus artificial illumina¬ 
tion) without any material delay in the onset of flowering ojs^naturity. 
In the winter of 1932 33 four inbred strains representing a consider¬ 
able portion ef the seasonal range of Corn Belt varieties were grown 
under continuous illumination from the dry seed to maturity. The 
plants were perfectly normal in their vegetative development and 
seasonal maturity. 

As a further tejit for the necessity of a dark period, the same 
strains of corn were grown during the summer, one set of plants 
being exposed to the normal day, and a secoml set to continuous 
illumination (normal day plus artificial illumination). The results 
are presented in table 3. 

Table 3.- - of day length on sexual maturity in 4 inbred strains of corn 


Inbred ‘Strain no 


22h-4-K 
4(51 ... 


Period from planting till pollen 
shedding w hen grown ith a day 
length of-'- 


12 hours 1 

l(i hours 

24 hours 

1 

JUtffK 


1 

52 1 

(50 

, 

55 

(51 

(51 

(52 

(50 

1 

(50 { 

1 (K) 


(\)ntinuous illumination resulted in approximately a week's delay 
in pollen shedding. For the one strain gT^owui also with a 12-hour 
day, there was no significant difference in earliness between the 
12-hour and 16-hour photoperiods. 

The classification of corn as a short-day plant does not appear to 
be based on adequate cxperimei|tal evidence. It is true that the 
work of Garner and Allard (2)j Emejson (1), and McClelland (5) 
has shown that some varieties respond to a short day (10 to 12 hours 
of light). However, all of the varieties used by these investigators 
were tropical or seinitropical sorts naturally adai)ted to short-day 
conditions. Varieties which are adapted to Corn Belt or more north¬ 
ern conditions and which normally bloom during a long day (15 to 
18 hours of daylight) have not been adequately studied. In three 
strains grown in the greenhouse, augmenting the winter day (11 to; 
13 hours) by artificial Illumination for 4.5 or 8.5 hours has not re¬ 
sulted in a significantly delayed sexual maturity. • • 

Teosinte has been shown by Emerson (1) to respond to a short day. 
It wa».thought that a. comparison of the effectiyeness o\ darkness 
supplied to this’.plant’during the iarovization process and as a 
dqily .photoperiod would be instructive. Three lots of teosinte j|^re 

f )krited May 19, one of them having beto iarovised. •Tlje iarovized 
ot and (jnct of the others were exposed to the natural day. * There 
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was no differ(‘n(*o in se.viial inutiirity of two lots, 

both shewing tassels September Ih and sileddin^.pollen Oetober 3. 
The second npniarovized lot was exposed^ to a ’ 10-hoiir day. It 
sho\^^ed tassels June G and shed pollen June 10, haying i)een exposed 
to feww hours of darkness (328) during this period than had the 
iarovized lot (33() hours) during the period of iarovization. It seems 
clear from this that length of day is mucfi more important in determin¬ 
ing the time of sexual 
maturity than is any 
darkness reciuireinent 
that teosinte may 
possess (fig. 1). 

McKinney and 
Sf4ndo*((S’) have shown 
that after the iarovi- 
zation treatment the 
attainment of sexual 
maturity in winter 
wheat is greatly influ¬ 
enced by day lengtli. 
To determine wheth¬ 
er a similar condition 
exists in .short-day 
ero{)S, a second set of 
juaterial, cojumon 
millet and the corn 
hybrid AXIGJ, were 
iarovized at 80® F. at 
the moisture contents 
and for the i)eriods 
recommended, one lot 
of seed of each cro]) 
in continuous dark¬ 
ness and a duplicate 
lot in continuous light 
(normal day plus ar¬ 
tificial illumination). 
Following iaroviza- 
tion, the various lots, 
including dry and 
germinated checks, 
were grown in pots 
under a 16-hour and 
a 24-hour day. 

' The treatment given the millet was ineffective in hastening sexual 
maturity under either light treatment. The corn plants receiving the 
lb-hour day responded approximately as they had done in the field. 
For the pljtnts grown under continuous illumination, iarovization with 
continuous light was superior to iarovization w^h continuous dswkness 
in promoting early flowering, and both lots Trotn iarovized wore 
eai^r than tj^olse from either the germinated or drj^ checks. The 
in table 4. There is nothing in the results ob¬ 
tain^ m these experiments with corn and teosinte to lend support to 
this'tvarfaa^s-requireinent theory of Lysenko. 



Figuke 1.—Response of teosinte to darkness The plant on the right 
was exposed to darkness for a Hdiour ijeriod daily. The one on 
the ieft was exj;»osed to darkness continuously for 14 days followed 
by exposure to darkne.s.s for an 8- to 9-hour iieriod daily. Photo¬ 
graphed June 19, 31 clays after planting. 
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DISCUSSION 

• • 

Tho iarovi/ation of corlaiii corn hybrids resulted in a statistically 
sio:nificant hastc^ninj? of sexual maturity. The difference, however, 
was so slij^ht as to l>e of no importance a^ronomically. The general 
reduction in germination and vigor associated with the iarovization 
treatment a])pears to he a serious limitation of the method. In this 
respiTt these results depart rather drasti(*ally from those re|)orted by 
the Hus^ian investigators. The reason for the failure of agreement 
with their results is not entirely clear. 

The liussians eiiiphasize the fact that varieties differ markedly in 
their iarovization recjuirements. It is possible that all of the strains 
used in these tests re(|uire special conditions during iarovization, 
though this docs not seem likely. 

The experiments of McKinney and Sando (S) and the results re- 
ported here (table 4) are in agreement in indicating that the da,y length 
following iarovization has an important effect on the reaction. TIu^ 
plants in the present studies (tables I and 2) were grown under a daily 
photoperiod of Hi)proximately 15 hours, and those in the Russian w ork 
presumably under a longer daily photoperjod. It seems probable tliat 
at least part of the difference between the results in the two places may 
1)0 ascribed to the day length under wliich the plants were grown. The 
claims for the necessity of darkness during the iarovization process, 
however, are not substantiated by either the field or greenhouse tests. 

% 

SUMMAJIY 

t 

Iarovization of oorti, as practiced, consistently reduced the per¬ 
centage of gennination. It also resulted in a general reduction in the 
number of visible nodes, in plant height, number of ears, and weight 
of shelled grain per plant. 

Pollen shedding and silking were significantly accelerated by 
iarovization in some strains but not to an extent to be of any agcp- 
nomic importance. 

There was no evidence of a darkness requirement for corn. Several 
strains of corn were grown to maturity under continuous light. 
Iqfovization in.contiijuous light was just as effective as'that in con¬ 
tinuous darkness. • * • 
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THE MICROBIAL DE(H)MPOSITION OF SUCCESSWE CUt^ 
TINGS OF ALFALFA HAY UNDER AEROBIC CONDITIONS ‘ 

By K. A. Beavens, assisiani hacteriologisf, and H. Jameb, senior hacteriohogistt 

Chemical and Te^nological Hesearch^ Bureau of (iiemisiry and Soihy United 

States Department of Agriculture 

INTRODUCTION 

Tlic present investigation was undertaken to determiile whether 
there is any difference in the decomposition of successive cuttings of 
alfalfa hay aerobically fermented by soil micro-organisms. 

A review of the literature gives little information regarding the 
influence of chemical composition on the juicrobial decomposition of 
successive cuttings of alfalfa hay. 

Kalck and ltaag*(/)" concluded from their studies that in the micro¬ 
biological decomposition of plant materials two distinct processes take 
place, namely, destruction and corrosion. The effect of destruction is 
to de(*.ompose the (‘ellulose and pentosans, the lignins being very little 
affected. Corrosion, on the other hand, causes slow decomposition 
of both lignin and cellulose. 

Starkey (,^, pp. 203-294) stated: 

Wlien tlR* decomposition of organic matter is measured by the amount of CO2 
produced, it should be kept in mind that the CO2 is not the only product formed 
from the carbon of the organic matter ♦ * * since various intermediate 

products mliy be formed ♦ ♦ In general, however, the incomplete decom- 

jmsition products of some organisms are further attacked by others and sooner or 
latt'f appear as C()2. ♦ * ♦ The CO2 produced from soils should, therefore, 

give a reliable although not an absolute index of the decomposition of organic 
matter. 

Waksman and Tenney ((>) found that when a comparison is made 
of the rapidity of decomposition of a plant which has been harvested 
at different stages of growth, different results are obtained. The more 
juature the plant is the less readily does it decompose. Their analysis 
showed that a third of all the constituents of the young rye plant, on 
a dry basis, consisted of w ater-soluble substances, including consider¬ 
able quantities of sugars and amino acids. The young plant cont ained, 
on a dry basis, 2.5 percent of nitrogen, 7.7 of ash, 16.6 of pemtosan, 
18.06 of cellulose, and 9.9 percent of lignin. With the advance in the 
age of the plant, there w^as a rapi4 decrease in the nitrogen and in the 
fat and ash content and a gradual increase in the cellulose, pentosan, 
and lignin content. There was considerable decrease in the amount 
of water-soluble constituents. The mature plant (exclusive of the 
grain and roots) contained 0.24 percent of nitrogen, 22.9 percent of 
pentosan, 30.3 percent of cellulose, 19.8 percent of lignin, and 9.9 
percent of water-soluble substances. 

EXPERIMENTAL METHODS 

In order to determine differences in the microbial decomposition of 
successive cuttings of alfalfa hay, two experiments, each in duplicat^, 
were conducted. Three cuttings of hay were collected from each of 
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tho 1*1)81 «^«J1)82 crops under similar conditions Init. from ditfenml 
fields^i,,.<3^*iic hay used in the first experiment (1981 crop) was collected 
from a field'on the United States Department of Agriculture Experi¬ 
ment Farm at Beltsville, Md., on which heavy manuring and intensive 
Cultivation methods were used. The h^y used in t*he second experi¬ 
ment (1982 crop) was collected from a privately owned field on which 
only ordinary fertilizing and cultivation methods were \ised. As 
Van der Sp^iy and Stead {^) have shown hv analyses of plaiits at vari¬ 
ous stages of growdh that the nutritive \aiue of lucern^p hay is highest 
wdien the hay is cut at the lO-percent stage of (lowering, iind also that 
the highest yield of hay is obtained by cutting at this stage of growth, 
the alfalfa hay for each (»xi)eiiment w-^as collected when most of the 
plants were in partial bloom. Each cutting was obtained from the 





f Kii Ri* 1 Aerating ai)paralus for the (iotormiimtio^of taibon (lunide In fermenting pluni iimtenuls 
fl, Soda lime lower f;, humidifl/'r c fermeutation tula* rf spiiul iibsorlier 

same area in each field in order that enviionmental giowth factors 
would be the same Immediately after cutting, the material was sun- 
dried for se\eral days and then passed through a giinder 

In the first experiment, tw^o 10-gram samples (calculated on a 
dry basis) of each of the three cuttings were inoculated with sufficient 
soil infusion to give a total moisture content of 43 percent In the 
second experiment, two 6./)-gram samples of •each cutting were simi¬ 
larly prepared The soil infusion used in each experiment was 
prepared by mixing 100 grams of soil, obtained from the same area 
in the field from which each cutting of hay was obtained, wij;h 150 
cubic^ centimeters* of water and filtering* fly*oupJi sterile, cotton. 
TbeHiltrate was.thoroughly shaken and used as the inoculum for eacli 
of tne ihteo fittings of hay. 

The inhralf ted hay samples were placed in large test tubes fitted 
with a^ation tubes extending to the bottoms, connected^to^an aerat- 
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inf? np|)nnitijs, nnd in(Mil)at(Ml at i\ for 30 days. 45a<‘h aoratinj? 
apparatus (fif?. 1) ('•onsistod of a soda lime tower, (/, eorfr^jjjiilH? wot 
pieces of spoiif^c^ for iiioistt'niiif!: tlie air before it was passed fhrouf?!) 
the hay sample; a fermentation tube, c, containiiifr the hay sample; 
and a spiral absorbing? tube, ^/, containmj? potassium hydroxide 
(^) to al>sorb tlie (‘arbon dioxide produ(‘ed from the fermenting? hay. 

Air was passed throuj>:li the ap|)aratus from a pressure line con¬ 
nected to a larfce bleeder^' bottle and then to the sodajime tower. 
The “ bleederV’ bottle was necessary to reduce the pressure and also 
to adjust the air How at any desired rate. Jt consisted of a irnliter 
bottle ecpiipp’ed with inlet and outlet tubes and a stopcock throuf?h 
which the excess pressure was released. The air How was regulated 
at such a rate that the f?as bubbles passing? throuf?!) the spiral tube 
containing? the ])oVissium hydroxidecame incontactwith the absorbing? 
Ii(juid lon^ enough to allow for complete absor|)tion. This rate of 
How was found tc^ be 
a j)proximately 2 liters 
of air per hour. De¬ 
terminations w 0 r e 
made to check the 
efticiemy. of the soda 
lime towers and s})iral 
a bsorbers. Daily 
tit rationftof the potas¬ 
sium hydroxide were 
made,and the (juanti- 
ties of carbon dioxide 
evolved from the fer¬ 
menting hay wer(‘ 
determined and re¬ 
corded as milligrams 
of carbon. 

Oven-dried sainples 
from the three cut¬ 
tings of the 1931 crop 
were analyzed for the 
important chemical 
fractions by the riiod- 
ilied method of Waks- 
man and Tenney (7), 

cellulose, and lignin were not directly determined but were recorded 
as the fraction soluble in 2 -percent H(^l, the fraction soluble in 
80-percent H 2 SO 4 , and the residue, respectively. At the end of 
the fermentation period, the material remaining was dried to constant* 
weight at 105° C. From the results obtained by the difference in 
weight before and after fermentation the percentage loss due to micro¬ 
bial action was determined. The oven-dried material w^as then 
analyzed as previously mentioned. Each determination was calcii- 
lato 4 on the basis of the original weight of material used, thereby 
showih^ the actual^jfcrcentage loss ot each fracton caused.by the 
AiicroUbial decom|)osition. The chemical analyses qn both the vpfer- 
fneitted and fermented hays w^ere repeated several tii^es^in duifticate. 



Owdng to limited facilities, the heihicelluloses. 
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^ - RESULTS 

Res'ctJ^fToii tlio total cjuaiititios of carlxm dioxide evolved during 
the microbial decomposition of three cuttings of alfalfa hay from the 

1931 and 1932 crops 

'i750[- 1 — “-I-[---r—- 1—"—1 are ^hown in figures 2 

and 3. In both experi¬ 
ments (figs, 2 and 3), the 
tliird cutting showed 
the greatest decompo¬ 
sition, the first cut¬ 
ting was next in order, 
and the second cutting 
showed the least de- 
com position. Results 
on the daily titrations 
of carbon dioxide 
evolved during the 
m icrobial decom posi¬ 
tion of three cuttings 
of alfalfa hay from the 
1931 crop are shown 
in figure 4. 

It will be npted that 
the greatest variation 
in the rate of decompo¬ 
sition of the three cut¬ 
tings of hay occurred 
during the first 10 to 12 
days of the fermenta¬ 
tion, after which it 
gradually decreased to the end of the test period. Similar results were 
noted in the second ex¬ 
periment (1932 crop). 

At the end of the 
first experiment, the 
percentage loss of dry 
matter due to micro¬ 
bial decomposition 
was 41.3 for the third 
cutting, 39.2 for the 
first, and 35.8 for the 
second. In the second 
^experiment, the per¬ 
centage loss was 43.6 
f6r the third cutting. 

41.4 for the first, ana 
37^3 for the second. 

Chemical analyses 
were made' on oven- 
dried samples from tbe 
thre^^ cuttings of hay 
us^ in the(di^t exr 
periment befo^^e and after microbial decomposition. The results 
shown ii^Jable 1 were included to give the approximalfc chemical 


5 10 15 ?(i 25 30 

INCUBATION AT 30*0. (DAYS) 

KkiUre 3 -- 'Potal .?arboti dioxule evolved during the inuTohial dw'oiii- 
I>osition of tiiree cuttings of alfalfa hay from the 1932 crop. 



FmuRE 4.-Daily quantities of carbon dlohde evolved during iU 
microbial decomposition of three cuttings of alfalfa hay from tl^e 193i 
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composition of each cutting of hay before fermentation and* similar 
data after fermentation, sliowin^ the percent loss in eacTi the frac¬ 
tions. It -is noted that in the larger fractions (cold water, 2 -perccnt 
HCl, and 80-percent H 2 SO 4 ), although the percentages in the original 
hays were appr(5ximately the same in each cutting, the percentag^^ 
losses after fermentatidn varie’d. According to Waksinan and Tenney 
(f5), the various frac’tions were composed of the following constituents: 
0) The ^ther fraction contained fats and waxes; ( 2 ) thQ^’oold-water 
fraction contained simple carbohydrates, various*amino'acids, pep¬ 
tides, and soluble minerals; (3) the hot-water fraction contained 
starches, pectins, certain hexosans, and various nitrogenous conr- 
pounds; (4) the 2 -percent H(U fraction contained hemicelluloses and 
protein; (5) the 8 ()-percent H 2 SO 4 fraction contained cellulose and 
protein; and ( 0 ) tjje residue contained lignin, protein, and ash. 

T\blk 1 .—Percentage composition (hij fractions containing various constituents) 
of successive cultir^ns of alfalfa hag from the Iflil crop before and after microbial 
decomposition^ and percentage loss of each fractum 
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Deteimmation ot tlie (iuantit\ of the individual constituents m 
each fraction was not made the laigei fiactions the \ariatioiis 
in the losses the three cuttings weie probabl.\ due to diflerences m 
the amounts of easilv lermentable suTbstances * 

The types oi imcro-orpauisms in the fermenting hay greatl\ m- 
lluenced the decompositions The ground hay was \ejv poioiis, 
hence it favored the rapid development of fungi, especially acti- 
nomycetes, which are (*apable of rapidly decomposing organic matter 
Slimy masses of bacteria were also present in the fermenting hay* 
although a more compact medium would have favored their developr 
inent The microbiabdecompositions were probably accelerated by 
the high nitrogen content in each cutting . ' 

SUMMARY , 

A stpdy was /uad^ol. the-inlluence oh chemical composition, on the 
fiiicrdbial decomfiosition of successive cuttings ol alialia hay d^ata 
dn the microbial decomposition of each cuttmg wwe obtained ^by 
measuring: the daily evolution of <‘arbon dioxide durii^ \ test period 
of Sp dft.^and by chemical analyses before and after fermentution. 
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Of thfe three cuttings of hay tested from the 1931 and 1932 crops, 
the ihiv^ .cutting underwent the greatest decomposition, the first 
cuttingwas next in order, and the second cutting ^showed the least 
decomposition,' 

The greatest variation in the rate of decomposition occurred during 
the first 10 to 12 days of the fermentations, after'which it gradually 
decreased to the end of the experiment. 
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PRESS FLUID FROM HEATED BEEF MUSCLE'' 


Alice M. Ohild, ns.^odate professor of home economics^ and Ma«y Baldelli, 
research assistantMinnesota Agricultural Kxpeument Station . 

^ . INTRODUCTION 

Juiciness, wliich is dependent upon tlie fluid content of muscle, 
is an important factor in ])alatability of meat, and quality* is closely 
associated witlj palatability. Howe - describes juiciness in meat as 
its readily ex[)ressible liijuid. 

A ^radin^ ’chart with descriptive terms for scoring fac'tors of 
jialatability in meat has been developed by the cooking committee 
of the cooperative*, meat investigations committee.'^ This chart 
grades cpiantity of juice in meat as ^'very juicy”, ^riuodcrately 
juicy”, ^^sliglftly dry”, “dry”, “very dry'', and “extremely'dry.” 
Quality of juice is graded as “very rich'\ “rich”, “moderat/ely 
ri<‘h”, “slightly rich“|)erceptible”, “slightly iierceptible.” Grad¬ 
ing the (piantity and (luality of juice in meat by such a method 
depends upon individual differences and standards of the judge. 
More accurate methods of determining both (piantity and (piality 
of juice are necessary for scientific experimentation in order that 
data of diffenmt invc'stigators may be definitely compared. 

The literature d(*scribes no definite method for jiressing the fluid 
content h’om muscle, and litth* data can be found dealing with this 
pressed fluid. 

This investigation was undertaken to devidoj) a laboratory method 
for pressing out muscle fluid, by which different meat samples might 
be givTii a relative rating for cpiantity of press fluid or juice. 

The purposes of this study were (i) to develo]) an apparatus for 
the removal of press fluid from roasU'd Ix'ef muscle; (2) to standard-* 
ize methods for d(*t(U’mining the percentage of press fluid and the 
ratio between press fluid and dry matter, and for obtaining press 
fluid for chemical analysis; (3) to use thc^ standardized methods for 
studying press fluid in two beef muscles, psoas major, and bi(‘eps 
femoris; and (4) to (*ompaie the moisture, ether extract, and nitrogen 
contents of the press fluid from roasted beef mus(‘le under pressure 
for two periods of 5 minutes and 20 minutes. 

APPARATUS AND MATERIALS 


The ap])aralus used in this study is called a “jiressoineter” (lig. 
1). The term “press fluid” is used in preference to “juice” since 
in meat studies juiciness is graded by the individual’s reaction 
w^hen meat is eaten and probably includes not only Huicis which 
are present in meat, l)ut depends also upon the flow* of saliva stimu-* 
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lated by meat extractives. Therefore, ‘‘press fluidis used to 
designate the fluid consisting of moisture plus the soluble material 
plus the c/)lloidal fraction that is pressed from muscle by the 
pres,sQmeter. * 

, The pressometer (fig. 1) consists of a heavy ca‘ot-iron base with 
an attached motor. The muscle sample is Wrapped in filter cloth 
(fig. 3) and placed in a brass tray (fig. 2) which is fitted into a grooved 
platform in the apparatus. Starting the motor, the platform with 



Figure 1 -Cross section of the pressometer, sivinp; detail of working incchailkni 


tray is driven upward by means of a large screw until it reaches 
a stationary plunger, the bottom of its base having the same dimen¬ 
sions as the inside of the tray. A 25-pound brass weight, w^hich is 
suspended from the lever bar, exerts pressure on the sample. The 
pressure may be varied from 250 to 500 pounds by placing the w^eight 
at diflerent points on the lever. When the desired pressure has 
• been attained, the lever arm is lifted, breaking the current, and 
automatically arresting an increase in pressure. The a(*tual time 
of pressure is checked by ^ v 

an automatic timer or stop \-83CM 

watch. To carry the plat¬ 
form downward, the switch 
is reversed. 

Samples were taken from 
beef roasts averaging 1 % 
pounds, from the left and 
right sides of the same 
animal. The roasts were 
stored in an electric refrig¬ 
erator at 4^^ to 6° C. until 
used for cooking. 

The rump was removed 
from the wholesale' round by cuttin^^ parallel and ventral to the 
pelvic bone (aitch bone). On the medial side (inside or top round) 
at this point, there are two large muscles, the posterior one being the 
semimembranosus muscle, immediately in front of which lies the 
adductor muscle from which samples were taken for the removal of 
press fluid. . 

Roasts were prepared according to the method given in the Vjuality 
teste officially^ accepted by the cooking committee of the cooperative 
rneat^ invesu^a tion committee,^ but were not seared. The exterior 

L. M., CtiiiE, N. G., and Bowk, P. e. 8«e footnote 3. 



Figubb 2. ~Bn»ss tray for holding muscle sample. 
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fat was removed, and the meat wiped with a damp cloth;'it was 
then weighed, and* all data for computing losses were recorded. 
The roast was tied with a string so that it was cylindrical in fihape. 
The center of the bulb of*a weighed, straight thermometf^r was 
inserted in the ceTiter of the roast. The meat was placed on a heav^i^ 
wire rack, the rack being 1.2^) cm from the bottom of the pan, in 
a weighed shee't-iron roasting pan (28.8 by 18.4 by 6 cm). The 
pan was s*et crosswise in the oven which was preheated to 125® C\ 
The meat was .roasted until the thermometer re»gfetered 60°. 

STANDARDIZATION OF METHOD FOR USING PRESSOMETER ^ 

The first work on jiressing muscle was done by placing the meat in a 
tray (2.5 by 2.7 by 0.8 cm) with a sieve bottom, the press fluid being col¬ 
lected in a tray*p]awd directly under it. Because of the small sizeyjf the 
sample with which it was necessary to work, much of the fluid was lost 
either by evaporation or by adherence to 
to the tray, and small quantities of the 
solid part of the muscle were pressed 
through the sieve. laiter, a tray with a 
slight metal elevation (height 0.8 cm) in 
the center;‘Was used, thus forming a groove 
around the edge, where the fluid could 
collect. This method, also, proved to be 
inudetjuafe since it was difficult to press 
all of the fluid from the edges of the muscle 
^ind to remove it from the tray; therefore, 
it was decided to wra[) the sample in a 
piece of cloth. 

After trying different kinds, sizes, and 
shapes of cloth for wrapping the muscle 
sani])le, it was decided that unsized filter 
(4oth, cut cross .shape (fig. 8), gave the 
best results. The crosses were cut from 
the filter cloth after it had been boiled 
10 minutes in distilled water and then 
dried. 

For sampling, a slice of meat ^^as cut from the center of the roast 
with a sharp thin-bladed knife. A niechanical gage was used for 
determining the exact thickness. In order to obtain the mogt desirable 
thickness for cutting the meat, slices of different thicknesses (2.5, 1.87, 
and 1.25 cm) were tried. Those cut 2.5 cm thick were too large and 
showed that all the press fluid was not absorbed by the cloth. The 
press fluid from the 1.87-cm and 1.25-cm slices was absorbed by the 
cloth. It was decided to use the 1.87-(*m slice in order to obtain more 
easily a sufficient (juantity of fluid for chemical analysis. 

A "brief study was masrle of metal borers of different sizes and shapes. 
Two round borers (one, 1.27'cm in diameter, and the oth.er, 2.4 cm^n 
diameter) and a square borer (1 cm s(|uare) were used. The round 
borer# were more casitv used than the square one. The nound borer 
1.27 (yp (fig. 4)*in ditftweter was chosen, as the small sample* had a 
more uniform structure of muscle fibers than the larger one, 
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Expc^rimental work was (‘arried out using different pressures for 
It) minutes. Tlie average ® of press fluid pressed out by 112 pounds 
pressure was 43.90 percent; by 168 pounds pressure, 49.73; by 226.5 
poujids pressure, 50.26; by 250 pounds pressure, 56.84; and by 500 
pounds pressure, 58.61 percent. The , data obtaihed showed that 
increased pressure yields more press ifuid. Two* hundred and fifty 
pounds pressure was selected because it was found tKat this pressure 
could be used also with chicken muscle, which is short fibered. Some 
of the solids of thi's tender muscle w ere pressed into the>.cloth when 500 
pounds pressure was used. 

" To determine the optimum length of time for the reinoval of press 
fluid, four periods were used: 5, 10, 15, and 20 minutes. The mean 
press fluid for seven samples was as follows: 5 minutes, 49.00 percent; 
10 minutes, 49.28 percent; 15 minutes, 50.64 percept; and 20 minutes, 
50.66 percent. 

Since there was not a great variation in the mean percentage of 
press fluid obtained from these different periods, the 10-minute period 
was u.sod, as it allowed suflicient time for weighing 
samples and less time for evaporation. 

The average press fluid in nine muscle samples 
was 49.93 percent, based on the difl’erence between 
the weight of the original sample and th'6 pressed 
muscle. The average press fluid in the cloth from 
the same samples was 48.98 percent, based on the 
weight of the original dry cloth and the clotli mois¬ 
tened with the pressed fluid. The slightly lower 
percentage of fluid in the cloth than in the muscle 
was probably due to a faster evaporation in the cloth. 

To cpmpare the quantity of press fluid from roasts 
of different temperature, samples were cut (1) at the 
time the roasts wwe taken fron) the oven, (2) 2 hours 
after taking from the oven, (3) 3jnK)urs after taking 
from the oven. The jnean press fluid from roasts at 
approximately 55.C. was 49.64 percent; at 23.3°, 
49.74 percent; and at 21.1°, 49.52 percent. From the mean percentages 
of press fluid obtained from samples of roasts at these different temper¬ 
atures, it can be seen that there was not an appreciable difference in the 
total quantity. It seemed evident thkt ail of the small samples of muscle 
were about the same temperature at the actual time of pressing. To 
prove this,‘'thermocouples were used to obtain the temperature of the 
small samples from the roasts of varying temperatures, and it was 
found that by the time the sample was cut, weighed, and wrapped in 
cloth, the muscle had almost reached room temperature (21°). 
Since there was so little difference in the quantity of press fluid, all 
roasts were cooled to*40° before sampling. 

r 

METHODS SELECTED FOR OBTAINING PllESS FLUID FROM 
' ROASTED BEEF MUSCLE 



Fkjure 4." Borer, 7 ft 
cm in length and 1 27 
cm in diameter, used 
for cutting muscle 
sample. 


From thvi preliminary work the following w^re chosen as desirable 

meth^s for obtaining press fluid from roasted' beef Piuscle aiv;J were 

U8e4tin succeeding experiments. 

. . . . .. . ^ 

fluid (ojr U2,168, and 227.6 pounds pressure were obtained by using ap unimproved 
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Press Fluid from Heated Beef fi4uscle 
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A slioo 1.S7 cm Ihirk was cut from the cciitcr of the roast by* means 
of a sharp thin-bladed knife, iisin^ a inwhanical gaj 2 :e for determining 
the thickness of tlie slice. Three adjacent samples were (‘ut from the 
center of*the slice with a rofind borer 1.27 cm in dijimeter (fi^. 4). 
Each sample waft transfernHl to a numbered, previously weighed, 
aluminum dish containing a jfiece of dry, weighed, unsized, shrunken 
filter cloth that Was cut cross shape. The dish with cloth and jiuiscle 
sample wal^ then weighed. The sample was carefully wrapped and 
placed in the tr^jy (fig. 2j, which was inserted in the pressofneter and 
allow'cd to repiain for 10 jninutes at a pressure of 27)0 pounds. The 
muscle sample’and the cloth were removed from the tray and placecL. 
in separate, dried, weighed aluminum dishes and weighed; samples 
were kept in the desiccator until ready for weighing. Rapid work w^as 
necessary from thejime th(‘ sample w^as cut to the last weighing, so as 
to avoid eva])oVation losses. Force|)s were used for all handling. 

The per(*entage of press fluid in the muscle was found by di\ iding the 
weight of the press.fluid by the w^eight of the muscle sample before 
pressing. The weight of the press fluid w^as found by subtracting the 
weight of the ju’essed muscle sample from the weight of the impressed 
sample. 

MKTHOr>‘USKD IN OBTAINING RATIO OF PRESS FLUID TO DRY 
MATTER FROM HEATED MUSCLE 

Th(* method for obtaining the (piantitv of press fluid from heated 
muscle, as previously e\plaine<l, W’as followed. The two aluminum 
dishes with weighed samples of pressed muscle in one and the cloth 
containing the press fluid in the other were then dried in a Freas 
vacuum oven at ()5° (\ The ratio of press fluid to dry matter was 
(‘ahuilated by dividing the weight of the press fluid by the weight of • 
the dry matter. Tlu' dry matter includes both that in the residual 
muscle and that adhering to the cloth. 

METHOD USED FOR OBTAINING PRESS FLUID P'OR CHEMICAL 

ANALYSIS 

For chemical analysis of the press fluid, samples of muscle were cut 
from the center slices of the roast. 

The sample was set in the ceifler of a weighed, cross-shaped filter 
cloth, wrapped, and placed in the pressometer and allowed to remain 
for 5 minutes at a pressure of 250 pounds; the pressed nuiscte was then 
discarded and the proc(»ss w as rej)eated, using the same piece of cloth 
with two otlier jimscle sam])les. The cloth w as removed to a weighed 
corked bottle and placed in the desiccator. AMien four pieces of cloth 
wore similarly filled with press fluid, the bottle and doth were weighed, 
and the amount of press fluid was calculated. This (piantity of 
press fluid (5!.> g or more) wuis sufficient to determiiu' tlie ether extract,• 
nitrogen, and moisture content. The corked sample bottle, contain¬ 
ing the filter clotli with pressed fluid, was kept in a cold Voom ( 
to ^5° (\) until needed for analysis. ^ 

The>ample, after JiSiing prepared fo^; analysis, was <*ut in pieces 
aj)pro.wnately orie-fourth inch square and was divided inio^ five 
auquot portions, each being placed in a weighed* a|uminuni«tfi9h. 
.The cove^^d dishes were allowod to stand at room tijnf|)orat<ure for 



Vol 48, no. 12 


1132 Journal of Agricultural Research 

15 minutes, then weighed. Moisture, ether extract, and nitrogen 
were determined by the official methods of analysis of the Association 

of Offuual Agricultural Chemists.® 

* 

.. Experimental data from use of the puessometer 

‘ m 

The three methods of experimentation were used for comparing 
(1) the press fluid in two beef muscles, one tender (psoas major) and 
one less tender (biceps femoris), and (2) the moisture, ether extract, 
and nitrogen in the press fluid from roasted adductor ihuscle when the 
samples were kept under pressure for two ])eriods, 5 minutes and 20 
minutes. 


RATIO OF PRESS FLUID TO DRY MATTER IN ROASTED BEEF 

Table 1 presents the mean grams of fluid per grain of dry matter 
from a tender muscle (the psoas major) of roast beef, and a less 
tender muscle (the biceps femoris). The mean,grams of fluid per 
gram of dry matter (1.847 for biceps femoris and 1.823 for psoas 
major) did not vary significantly, as determined by means of the t 
test / is 0.226 and P is between 0.90 and 0.80 which means that in 
80 to 90 cases out of 100 this difference is due to chance. 


Table 1. Mean'* grams of press fluid per gram of drp mailer in the muscles^ 
bleeps femoris and psoas major, from roasted beef ^ 
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» F rom 3 sdiuples from center slice of ro«i.st 

MOISTURE, ETHER EXTRACT, AND NITROGEN IN PRESS FLUID PROM ROASTED BEEF 

\^HEN SAMPLES WERE UNDER PRESSURL FOR PERIODS OF 5 AND 20 MINUTF^S 

The percentage of moisture in press fluid from the roasted adductor 
muscle of beef under pressure for periods of 5 and 20 minutes is given 
in table 2 

The mean percentage of moisture in the press fluid when the samples 
remained under jiressure for 5 minutes was 89.974, and for 20 minutes 
88 757, showing slightly less moisture after it had been under pressure 
/or 20 than for 5 minutes. This slight different^e may be due to 
greater evaporation when the sample remained under pressure for the 
longer time; t is 1.640 and P is between 0.20 and O.IO, which means 
that in 10 to 20 cases out of 100 this difference is due to chance. 
These data indicate that duration of pressing, is not likely to^^affect 
the percentage of moisture in press fluid.* '*'* v ” 

’ A!^IATJ[0N of OFFiriAT ACfKin JTUKAI ('HfcMIST*! OFriCIAl 4NI) TlfiNTATIVF MltTHODS OF A^AI4M,S 
ConipiJed by the jpmmittee on editing methods of analysis . Kd 3, 593 pp , illus Wai^hington, , 

« FrSH®R,’R *A WATISTICAL METHODS FOR RESEARCH WORKERS Ed 4, fev and e^l , 307 pp , illus 
Bdlnb^gh and London. / 
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roasted adduetoi haf* tnusrh uodtr pnssun for o-tmnuh and for iO-niintrti 
periods 
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The quantity of faf in press Hind may be an indication of the 
quality of press fluid or juice in meat In order to determine whetlw 
time of pressing had any effect on the quantity of fat, the ether 
extract obtained from press fluid of roasted adductor beef muscle 
undei]^ressure for 5 mihiites was compared with that obtained under 
minutes’ pressure (table 2) In the case of ether extran^^f the 
S^ninutelperiod gave a mean percentage of 2 57J, and t\|e 20-mmutc 
period pn^ of 2 906, t being 0.914 and P betv^een p.40' and 0 30, 
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indicating that the difference is not significant.' A longer time under 
pressure is not likely to influence the final percen'tage of elher exti’act 
obtained front,the press fluid, since muscle fat solidifies whpn cool. 

Tile mean percentage of nitrogen (table 2) in thf press fluid front 
the roasted muscle was fouttd to he significantly lyglier after a r)-min- 
ute e,\pression period than after a 20-ntittnte period, being ().9S2 
percent for the former and 0.947 jtercetil for the latter. .The t test 
applied ta this difi'eretice gave f 4.84:1, atid /' is less Ihati 0.01. 
One might assume that more nitrogeti would be obtained in press 
_fluid when the lottger period is ttsed, hecaitse of the possible pressing 
out of colloidal material into the cloth. A possible explanation of 
the fact that the greater percentage of nitrogen appears during the 
5-minute period than during the 20-minute period, is that the soluble 
nitrogen is pressed out at the beginning of tlnr peifiod. Gortner, 
Lawrence, and Harris * in their work on plant tissue, state that in 
some instances the fluid extracted by continuous, pressing, without 
rearrangement of the tissue mass, may become less and less concen¬ 
trated. This was found to be true in a series of extractions from 
cabbage leaves. 

SUMMARY 

An apparatus called the “pressometer”, developed to jlress fluid 
from heated beef muscle, is described. 

Methods are explained for using the pressometer, for di<ermining 
the percentage of press fluid and the ratio of press fluid to dry matt(*r 
in heated beef muscle, and for obtaining press fluid from heated beef 
nuis<*le for chemical analysis. 

From this study the following observations may be made on tlie 
, basis of statistical analysis: 

The mean percentages of ether extract and moisture in tin* press 
fluid from the adductor muscle from roasted beef, did not vary .sig¬ 
nificantly when samples were under pressure for 5 and for 2()-minut(‘ 
periods. 

The mean percentages of nitrogen in the press fluid from adiluctor 
muscle from roasted beef varied significantly when samples were 
under pressure, for 5 and for 20-niinute periods, the greater ])ercentage 
of nitrogen appearing during the b-minute period. 

The mean percentages of press fl4id from the muscles psoas major 
and biceps femoris from roasted beef did not vary significantly when 
the grams'of press fluid per dram of dry matter were compared. 


7 Kisiikr, R a. See footnote 6. 

«(ioRTNER, U. Lawrence J. C , find Harris, J. A the extraition of hap from plant tisscfs 
RY pbeshitre Biochem. Bull. 5.142. 1916, 



CARBON DIOXIDE FORMATION BY CLEAN AND SCABBY^ 

POTATOES' 

B. V. IjItmw “ 

I*lnnl pnlhohujj.sf, Vmjnout Atfru ulluuti Kr/n nmrnf Station 

INTIIODUCTION 

Losses in wei<^hl of jiolaio luliers in storage am (hie to-both tran¬ 
spiration and r('sj)iration, l)iit inindi tlu^ jj:r('aU*r lossi's are due to the 
former., Tlie cheeking of such losses by the tubers is largely througl^ 
the skin. The skins of scabby potatoes are altcTed considerably by 
a parasitic growth whicli stimulates the formation of a loose and very 
])('rmeable covering. Such tul)ers lose weight reapidly after removal 
from the soil? Tlie gradual healing of the abnormal skin areas after 
the tubers have been in storage for some time tends to check tliese 
heavy initial loj?kes and to r(‘store the tubers almost to the same 
condition as healtfiy om's. 

PREVIOUS WORK 

The gelation of rc^sjnration to loss of w(‘ight in potato(‘s, apples, 
carrots, and otlu'r fruits and vegetables has been (iiseussed in con¬ 
siderable detail by various authors. Especially important in this 
connection is the work of Appleman, Kimbrough, and Smith {!)■' 
on the physiological shrinkage of potatoes in storage, and that ol 
Kimbrough (fJ) on the respiration of potatoes dining storage and 
transportation. Some interesting work on the internal gases of 
potato tubers has been reported by Magness (7), A detailed account 
of the relative losses in weight of clean and scabby tubers is given iy 
an earlier report by the pres(mt writer (6*). 

The method used by all these investigators except the last men¬ 
tioned is to ])ass carbon-dioxide-free air thi’ough a vessel containing 
a weighed lot of jiotatoes. This air swf‘eps out the carbon dioxide 
formed by the tubers. The air with its accumulated (*arbon dioxide 
is then passed through a solution such as barium hydroxide. A titra¬ 
tion of this solution at tlu' conclusion of the run gives the amount of 
carbon dioxide evolvi'd. ^ 

The method us('d by the author {(j) w as the sampling method, the 
determination of the percentage of carbon dioxide in the lO-cc sample 
being determined by the Haldane apparatus. By this*method the 
respiration of 10 pounds of potato('s kept under bell jars between 
October 4 and Marcdi 20 was only 2.471 for chnin tubers or 3.757 for 
scabby ones. The temperature during much of this storage period was 
only 2^ C. Although at the beginning of the season it has been 12®, k, 
dropped rapidly to about 3® to 4®. The total respiration loss of the 
tubers kept by Kimbrough (6) is not given, but from his graph the 

' Received for imblicaliou Nov. 3, IU33; issued July 1934. • 

* The writer is indebted to John R Vender, assistant chemist, Vermont Apncultural Extwrmient Sta¬ 
tion, for the chemical work inxolvcd iii the storage studies of the clean and scabby potalfws 
s Rfference is made by number (italic) to Literature (Mted, p 1143. • 
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' iosjs bjetween Ocrtober 1 and February 7 (129 days) for. a kilograin of 
tirbers kept at 22® C. (71.6® F.) appears to be about 17. The respira¬ 
tion at^40° q! Green Mountain tubers,.according to‘ Wright (*9), was 
in milligrams per kilogram-hour on November ^, 5.11; on January 17, 
3^\57;*and on March 24, 2.93. At these rates the total loss per kilo¬ 
gram would be for the 5 storage months, November to March, 
inclusive, about 15 g. 

In a recent publication Smith (^) reviewed much of the literature 
and added* extensfve data on the effect of temperature, humidity, 
injury, depth of layer, etc., on potatoes in storage. Ordinary storage 
Pillars were used in some of the exj)eriments, and the loss in* weight 
from respiration during a 7-month period ranged from 0.40 to 0.67 
percent of the total weight of the tubers. The loss from respiration 
of mechanically injured tubers, while large at first^. dropped rapidly 
until it was no greater than that of uninjured ones. The depth of the 
potatoes in the bin had little effect on the carl)on dioxide formation, 
although it was somewhat higher in the bottom layers than in the top 
ones. The difference w as noticeable only at the end of the storage 
season when sprouting wras probably starting. Smith does not discuss 
the relative merits of the methods used for respiration determination. 

PURPOSE OF THE WORK 

The purpose of the experiments here reported was prinpirily to 
ascertain the loss by respiration of scabby potatoes as compared 
with that of clean ones after various periods in storage, and to compare' 
the results obtained by the aspirator method with those ol)taine(i l)y 
the sampling one. 

METHODS 

0 

Four lots of tubers as nearly alike as possible in size and nunibei* 
were placed under bell jars. Each lot weighed appro.xiiiiately 
1,000 g. Two of the lots were composed of clean tubers and two of 
scabby tubers. The jars contained 8 liters of air after the tubers 
had been placed in them. To prevent the growth of mold, the tubers 
were immersed for 1 hour in a weak formaldehyde solution before they 
were placed in the jars, and fresh tubers were substituted if decay 
appeared. The jars were kept in a Ijfascment room the temperatun' 
of which ranged from 13° to 15® C. 

The amount of carbon dioxide evolved was measured by (1) the 
aspirator mkhod, and (2) the sampling or Haldane method. The 
amount of carbon dioxide formed in a jar of clean and in one of scabby 
tubers was determined by each method. 

When the aspirator method was used laboratory air, freed from 
carbon dioxide and moisture (fig. 1), was passed* through the bell jar 
obtaining the tubers atid then into a small Erlenmeyer flask contain- 
irig 100 cc of 0.1650 normal barium hydroxide solution. After the 
ayr in the bell jar had been passed for 24 hours through this solution, 
it was titrated with 2/10 N oxalic acid and the amount of carbon 
dioxide comjputed. . , > 

An analysis of the air inside bell jars containing clean or s(Vibby 
tuberawas made daily by the use of a Haldane apparatus during the*, 
early^art of the storage season and usually at intervals o^2 deys^iv 
during l^he late ^11, The tubers were left under the jars for periods of 
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5 to 7 days during the winter, the carbon dioxide being allowed’ to 
accumulate in the* jar. The air in the bell jars was thoroughV 
mixed each time* by the aic^ of a celluloid fan operated from •outside 
to insure a homogeneous mixture. * * • 

The intercelirdar g 4 -s of the tubers used in the experiments wifs 
removed from. a number of the lots. The method of extraction was 
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that described by Magness(7), and the deterjiiination of carbon dioxide 
and oxygen was made by a modified Henderson apparatus (fig. 2). 
Tiie modification consiste<l in the use of a .S-cc calibrated tube instead 
of the usual lO-cc tube. Three cubic centimeters of gas w^as usually 
all that could readil\ be obtained. Kight plugs, 1 or 2 from each 
tuber, were pla(‘ed in the mercury. The moditied Henderson appa- 



FkiI ki. 2 -Dimrrain of »»i)i)aralus used for the extraction of internal pases from the potato tuber and for.v 
the deterinination of the pereentape of carbon dioxide and ox.xpen in the Ht tube einplovoii in the modi¬ 
fied Henderson apparatus .1, Jar filled with mereur.\ and potato plups /?, tube filled with mercurj* 
jar filled with niercur>, connected bx lieavj rublier tubinp with jai J, controlled by stop cock .\ff 
jar C can be raised and lowered,*iJ, beaker filled w ith inercur> in which ib placed the pat>-collecting tube 
IC, controlled b> stopcock K, A, stopcock from collection tube is’, to aspiialor or to CC )2 and Oj appara¬ 
tus, ih three-wa> stopcock to calibrated CO 2 apparatus immediately below or.to pjrogalhc ilri0 
solution on ripht but not shown m the figure 

ratusrts not so aciiurate as the Haldane, but it is probably not more 
thrfn Upercent in.err^. • ■ * ' 

To letermine the amount of carbon dioxide that would aeeunjS|late 
ikair-ti^t potato bins, two large cyliridrical, golvanizetj iron tanka, 
each ^ fact high, were lillod with elean or seabby potHtoe's.' Before 
the pm^toe^ were placed in the bins, glass tubes with a bore of a^out 
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2 mm’ (barometer) were placed in each so as to tap the air between the 
timbers at the 5-, 4-, 3-, 2-» and 1-foot levels. Th^ upper end of each 
tube was chased by a pinchcock. Samples of the storage* air at the 
various levels could be drawn through the tubes without disturbing 
tfie other air or the tubers. 

DATA 

* 

LOSS or CARHON UIO.KIDK FROM (M.KAN AND S(‘A»HY Tl/HKRS 

Four lots of tul)(u*s wer(» carrh'd through the storagir^ season under 
bell jars. These tubers were changed every 2 to 3 >^eks from a 
Supply kept under the same conditions. Two jars contained clean 
tubers and two contained scabby ones. The respiration in a clean 
and in a scabby jar was measured by the absorption-aspirator method 
and similar lots were measured by the sampling me^hocF The experi¬ 
ments were continued from October 11, 1930, to March 19, 1931, a 
total storage period of 159 days. A summary of tlie results, presented 
in tables 1 and 2, shows that the general eflect of scabbing was to 
increase the loss of carbon dioxide exce]>t during the last month 
or so of storage. The loss as determined by the absorption method 
was almost twdee as great as that by the sampling method. 

Table 1. —Carbon dioxide production imilligranu) by clean and scaf>bi/ potatoes 
during the storage season, as determined by the absorption and sampling methods 


Average prrxiuction of COj imr kilo- | .\verage production of C<h per kilo¬ 
gram-hour I grain per (la> 


Month 

Absorption method 

1' ' 

Sampling method | 

1 

Absorpt ion metliod j 

Sampling method 


f'leiin 

e 

Scabby 

: 1 

(^lean j 

1 

Scabby 

1 

('iean 

Scal>b> 

! ! 

1 (’lean 

Scabby 


IKitHtoes 

potatoes 

IHitatoes 1 

|M)tatoes 

potatoes 

potatoes 

}H>taloe.s 

1 

potatoes 

October- 

S.H 

1 

* 10 0 

6 7 

S 7 

i 

211 2 

240.0 

100 8 

‘ 208 8 

November . . 

4 I 

1 fi 0 

2.7 

4 0 ; 

tK4; 

144 0 

04.8 

! Wi 0 

December - 

3.3 


1 0 

2.2 

79,2 

141 a 

38 4 

52 8 

.lunuary -- 

4 2 

4 9 

2 1 

2 4 

too. 8 

117 a 

50 4 

57 (5 

February 

5 5 

(i. 1 

2.7 

2 H 

132.0 

122 4 1 

(i4 8 

07.2 

March.. 

9.3 

fi 7 

4. 0 


223. 2 

iao.8 

90 0 

84.0 


Table 2." ^ Total carbon dioxide production {grams per kilogram) by clean and 
scabby potatoes, by the month or part of the month, and also for the entire storage 
season, as determined by the absorption and sampling methods 


Month 

A bsor],)tiori methr)d 

Sampling rnetliod 

('lean 

potatoes 

Scabby 

potatoes 

Clean 

potatoes 

Scabby 

potatoes 

'6otober (20days).. J 

4.224 

4.800 

3.210 

4.176 

November...-.i 

2.962 

• 4 320 

1.944 

2.880 

December... 

xSkmary. . .l 

2.455 

4.300 

1.190 

1 637 

3.125 

3. 045 

1.502 

1.785 

February...i 

3.096 

3. 427 

1.814 

1.881 

March (19 days).-. 

4.241 

3.065 

1.824 

1.596 

Totjil (159 days).... .j 

2P.603 

, %23.(i37 

11.550 

A _ 


The mjiks are a jeflectioh of the pathology of the scab/jy tubers 
'and ate an intlirestW ^(Ution to the physiology of abnormal grQwths. 
Tlielops of carboji^. dioxide was relatively heavy from (the wabby 
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tubers durinf? tlie early part of the season (October to FebnuVir), 
but by Febninrv 11 h‘ scnb lesions had healed so thoroughly that the 
skins oj the scaf)by timberstwere as iinpernieable as thos*e of the clean 
ones. During^Mandi the scabby tubers slionld apparently ha^e had 
an evej) better yrotection .against the loss of carbon dioxideVhhn 
the clean ones^ The fad that the clean tubers produced more carbon 
<lioxid(' [ate in Mu* season was dm* to their earlier gennination, as 
table shows. , 

Tahlk S. (\irUon thoxidc proflurtum itntUujrams per LilfKjnnn-hour) hif cUhil and 
srahhij pot/ttem during d pcrioils in Alarrh^ as detcnnincd by the ahsorptitiit 
and sampling methods 


! Sampling metho<i 

Period 

{ ('lean i Scabby I ('lean j Scabby 
i iiofutoes I i^itatoes j i>otatoes ! potatoes 


Mar I to Mar .'i ‘ 5 K I fit) 

Mat IMo Mar 111 (.spiouting in clean tubers begun). , JO 2 , OS 

\Iar I.** to Mai 10 (si)i out lug in clean and some in scabb> tubers ; 
advanced).. I ... . ( 


2 S 

3 3 

6.4 


Scab spots d(*lay germination from 1 to 2 weeks, and during that 
turn* th^' (*arbon dioxide ])roductiori is grc'ater from clean tulx'rs with 
their large sprouts. 

('OMPAKISON OF UESULTS OBTAINKD BY THE TWO METHODS 

As compar(*d with the sampling method the absorption method 
gtiv(* a uniformly higher production of carbon dioxide from both clean 
and vscuf)by tubers (table 4). The conditions under which the con>- 
pju'isons were made shoidd be noted. When the absorption method 
is used all the air from the bell jar is swept out by the air current 
pjissing over the tubers; when the sampling method is used the air 
over the tubers r(*maius the same and flie carbon dioxide prodiu'ed 
remains in it. However, the amount of carbon dioxide in the jars 
never a])proached 2 [)ercent, the limit of determination by the 
Haldane apparatus. 

T\B*bE 4. Daily carbon dioxide production {milligrams per kilogram-hour) by clean 
and scabby potatoes for the days after thejtubers had been aired and then replaced 
under the bell jars, or other tubers substituted^ as determined by thet/absorption and 
sa m pHng m eihods 


.\bsorpium method 


Sampling method 


Dale 


('lean 

potatoes 


Scabby 

potatoes 


('lean 

l>otatoeis 


Scabtiy 
I)Ot aloes 


Dec 9 
10 
n. 
12 


13 . 

Jan. f, 

• »f 

•29 

, ♦ 30. 

31. 

Feb. y. 


2.9 
3 6 
5 1 
3 4 
.3 3 

U -. 

4.6 


4.5 


(> 1 
6 0 
6 I 
6.0 
h 9 
.5.3 


6.0 
4 3 


2 0 
1 

1 5 

1 4 


1.3 
3.1 
l.H, 
1 K 

1 7 
3 3 

2 3 
‘ 2.0 

1.8 


4.2 

lo 
1 8 
3. .5 


1 7 
3 6 

2 .5 
2.3 
2.2 
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^he’ amount obtained witli the Haldane apparatus the first day 
after the tubers were placed under the bell jars was sunilar to that 
obtaine(} by tlie other method, but the drop was abrupt after that time 
and t^e amount remained relatively small. The tubers used wore 
stbrefl in the same room as the bell jars and had been kept there for 
at least 1 week before they were used. 

Every period ,after the changing of the tubers showed a similar 
slump in the rate ofd’espiration as indicated by the Haldane apparatus. 
The carbon dioxide in the other bell jars must have had*the tubers as 
ito source. The internal, intercellular gases percolate dut through 
the lenticels from the inside of the tubers. With this point iii mind, 
a measurement of the internal gases of the tubera under eacli of the 
jars was made at intervals after a series of readings had been taken 
for carbon dioxide formation (tables 5 and 6). * ♦ 


(irui tsiuuuy j/viuiuva r/rt unyn ufufn wni^orif trtt nnvi nui, j/uoro ’il'viv u,t>ou ure'Ui'C/«f fx-, uo 

determined by the ahaorptiori and sampling methods 


Dftie 


Nov. 1)--. 
Nov. 27.. 
Dec. 18,. 
Jan. 17... 
Feb. 1«... 
Mar. 4-. . 
Mar, 21. 


- - - ^ ' 1 

1 Absorption method 1 

1 

Sarnplinjs method 

('lean 

1 

Scabby 

('lean 

• 

Scabby 

potatoes 

potatoes 

1 

potatoes 

jmt aloes 

i 

1 5 8: 

7 H 

4 :i 

H 1 

j 2 

4 1 

! 1 

I,:. 

I :t. 4 1 

(1 :t 

1 1 3 

2 0 

1 4.0 

•') 1 

2 J 

2. 2 

4. 4 

4 2 

2 :j 

2 4 

1 

0 (1 

1 2 

1 0 

110 

8.2 

8 0 1 

8 } 


Table ^. — Percentage of carbon dioxide and of oxygen in the internal gases of slitred 
potato tubers after the completion of the respiration tests 



m 

After absorption method 

After sampling method 

Date 

CO2 

O2 

i CO7 

O2 


('lean 

Scabby 

Clrnn 

sAbby 

('lean 

Scabby 

('lean 

Scabby 


potatoes 

potatoes 

potatoes 

potatoe.s 

potatoes 

potatoes 

potatoes 

iKitatoes 

• 

Nov. 5. 

36 6 

28 6 

7 8 

12.0 

40 0 

50.1 

11.0 

0 9 

Nov. 27. 

35.6 

33 1 

8.fi 

9.0 

42 6 

52 8 

8.0 

5.7 

Dec 18.. 

29 8 1 

28 3 

0.8 

10 7 

35 9 

40.1 

11.7 

9.7 

Jan.17.... 

32.5 j 

36.5 

8 1 

0.9 

35.3 

43.7 

9.6 

8 7 

Feb. 16. 

28 2 j 

32.9 

10 4 

11.0 

37.1 

42.7 

8.0 

0 2 

Mar. 4. 

22 7 j 

55 3 

7.0 

10.1 

33.8 

64.8 

5.2 

9 9 

Jklar 21. 

45.6 

58.3 

3.4 

8.3 

65.1 ^ 

60.1 

4 1 

5.9 

^ Average.. 

• * 

32 84 

1 

• 39.00 

1 

7 44 

9.71 

39.97 

60.90 

8.30 

7.57 


^When determinations were made bjr the sampling method the 
ainount of carbon dioxide remaining m the internal gases of the 
tubers was tugher in all oxcei)t one instance (\^en*it was abopt the 
same) than it was when the absorption ihethoa*was used (taWe 6), 
indicting that in- the passage of the air through the bell jy for 24 
houSrs, a considerable percentage of the internal carbon dioxide found*' 
its way out of fte timber. Determinations by the absorptioh tna^hod 
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showed that during November and December, before the scab lesions 
bad completely healed, tlie scabby tubers allowed more carbon dioxide 
to pass out than* the clean ones, i.e., the percentage renmining within 
them vfas smaller. In January, however, and the nfontbs fcilm\dng, 
the percentage^remaining ijiside the scabby tubers was bigbeiYtlrHfti 
in the clean ones.* 

AMOUNT OP CARBON DIOXIDE REQUIRED TO CHECK HJ5SPIRATION 

The total m*cumulated carbon dioxide under the bell jars used for 
sampling n^Tr aiiproached 2 percent. Trials made to determine 
percentage necessary to check respiration, not to prevent it entirely 
indicated that 7 to 9 })ercent w^as siifficdent and tliat the acidity of the 
juice changed from a])out pH (>.2 to pH 5.S. Such a higli percentage of 
carbon dioxide (‘•uld probably never develop in a storage biij. The 
7 percent carbon dioxide slowed down respiration to a minimum, but 
at least 10 percent of carbon dioxide was re(|uired to prevent it» 
entirely. Kidd (J*) found that 20 percent would not only stop respira¬ 
tion but would also prevent sprouting. 

AMOUNT OF ('ARBON DIOXIDE ACCUMULATING AT BOTTOM OF BINS 

In oMer to determine the (juantity of carlion dioxide that would 
accumulate in a bin, jiotatoes were stored in two large open-topped 
cylinde^^s, clean tubers in one and scabby tubers in the other. Before 
tiie ])otatoes were put into the cylinders, rods of barometer glass were 
so suspended that air could be withdrawn from depths of 1, 2, 4, 

and T) feet. When these experiments were started about Marcli 15, 
1981, the storage temperature was approximately 8<S° to 40° F. 
Sam])les were taken weekly, but the percentages of carbon dioxide 
remained tlie same as that of the surrounding air until April 15. By 
that time sprouting was common on both clean and scabby tubers, 
and the temperature rose to 50° to 52° and the percentage of carbon 
dioxide in the bottom of the cans rose 0.7 percent. In 1983 the 
experiment was repeated, starting February 9 and continuing until 
May 8. The readings from clean and scabby potatoes were approx¬ 
imately the same, 0.4 percent at I foot, 1.3 percent at 2 feet, 1.8 
percent at 3 feet, 1.7 per(*ent at 4 feet, and 1.8 percent at 5 feet. 

The percentages wdiich apiifcar in the later readings are higher 
than those of Smith (cV), but Smithes data are from tubers stored in 
bins that wTre not necessarily airtight, whereas the data*recorded in 
this work wwe from tubers stored in cans. The top layers even in a 
can of potatoes, however, interpose only a small obstacle to the 
outwuird diffusion of gases formed inside the can. If such a formation 
is slow% as occurs from potatoes stored at low^ temperatures, th^ 
diffusion may keep pace wdth the formation in a bin that is only 5 
feet in depth. The holes between the tubers, as was found by actual 
measurement, represent 17.7 percent of the surface area of the large 
potatoes and 14.8 percent that of the small ones. •According'^^o 
Brown and Escombe (.s?), if 11.34 percent of a septum area is composed 
Ifoles, the diffus^i is GO percent that of an open Vessel. The 
irreguW shape:of fne holes undoubtedly added to their diffusion 
.efficieniry as compared with circular holes. The 15'to 18 percenf area 
of the interstices between the tubers w^nild-tUTordingly. mean a 
diffusion*equal probably to at least 70 percent^ of tliat of open 

i . . 
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Other factortt, such as shape of pores and depth to which they are 
enfbedded, velocity of wind stirring, and the percentage of any gas in 
the storage chamber, affect the rate of. gas diffusiofi (S), but these 
factoivs Vere not investigated in the present work as the ar^^a of a 
tiCA'tt^>us passage from the bottom of a container filled with potatoes 
would be difficult to determine. 

DISCUSSION 

Respiration was alw^ays less under the bell jars tested by the Hal¬ 
dane apparatus than in those through which the carbon"-dioxide-free 
air was passed. This may be explained by the diffusion of gases 
through the pores of an impervious membrane. The skin of the potato 
tuber is the membrane broken by the openings which are the lenti- 
cels. The chamber containing the (X )2 is the potato. 

Brown and Escombe {2) have shown that around each pore an area 
of gas collects; very dense at the pore, gradually^becoming more 
diluted as the distance from the pore increases. This is their so-called 
‘^sheir’ of gas. Exactly the same shell of (X )2 must occur over each 
pore, i.e., over each lenticel of the tuber. Let us see how’ these shells 
of gas behave under the two treatments. 

In the aspirator method, when air, free of (X) 2 , passes over a len¬ 
ticel, at the entrance to which the percentage of ('()2 is approxi¬ 
mately, let us say 28.6 percent, the shell of carbon dioxide is swe[)t 
away, leaving a very sharp gradient between the internal gas of the 
tuber and the air rushing by the opening. The (X )2 is densest at the 
center of the tuber aw^ay from these pores. The rushes out of 
the tuber, is sw^pt along and measured as part of the respii*ation. 
This lowers the amount of CO 2 remaining inside the tuber, as show’u 
in table 6. The apparent respiration CO 2 by this method therefore 
includes (1) the carbon dioxide in the jar; (2) the carbon dioxide sur¬ 
rounding the pores, i.e., the shells; and (3) part of the carbon dioxide 
which is normally within the tuber but which rushes out through the 
pores when air is swept over them for 24 hours. 

In the sampling method, the air inside the bell jars is still. Obvi¬ 
ously a larger shell of diluted CO 2 can Be formed over the pore. The 
preparations are made for taking the sample. The air is stirred by 
a celluloid fan, breaking up the shells^^around the i)ores and distribut¬ 
ing the CO 2 throughout the air of the bell jar so as to make a homo¬ 
geneous gaseous mixture. The 10-cc sample is then taken immedi¬ 
ately, the whole process involving only a few minutes. Some of the 
internal CX )2 rushes out through the pore, but the amount is negligi¬ 
ble because the operation is of such short duration. The apparent 
respiration by the sampling method, therefore, includes CO^ from 
only two sources: (1) that which is in the bell jar entirely free from 
the tubers; and (2) thh shells of (X )2 distributed throughout the jar 
by the celluloid fan. 

ijA comparison of tables 5 and 6 will show^ the correctness of the 
data on which the foregoing explanation is based. A discussion of 
the physical phase Jiiay be found in Brown and^isconibe’s paper {2) 
and the effect of currents of air in Huberts {S). *1*^- 

Thji^t aspirator method would most properly be used for studies on, 
jipple storage^ the sampling method would be better for potatoes and 

root crt)ps. Ntithe ]5 of these methods would give absolute <jprrect- 

* ^ 
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ness. The same conchision on i)Otato storage may be drawn* from 
this work tliat Smith ( 8 ) drew from his, namely, that carbon dioxiSe 
will never collect in sufficient quantity to make ventilation in a 
storage bellar necessary. 

, . -SUMMARY 

The respirafion 'records of four lots of ])otatoes were studied 
through a storage j)eriod of 159 days. Two of thescf lots, were com¬ 
posed of clean#tubers and two of scabby tubers. * 

The respii^^tion rate was obtained (1) on one lot each of clean and 
scabby «tubers by passing carbon-dioxide-free air through the Hell jafl?* 
in which they were kept, the (‘arbon <lioxid<* being absorbed by an 
alkaline solution; and (2) by withdrawing 10-cc samples from one lot 
each of the c^ean^ind scabby tubers and determining the percentage 
of carbon dioxide by the use of a Haldane apparatus. 

During the firjt niontli of the storage period the respiration rates . 
of the scabby tubers were much higher than those of the clean tubers 
as the cork layers uiuhn* the scab lesions were not so impervious to . 
gases as the skin of the uninjured ones. The rates tended to become 
ecpialized during January and February, but after sprouting begun in 
March tln^ clean tulxus resyured more than the scabby ones, as sprout¬ 
ing was (lelayed hu* some time (7 to 10 days) by the scab lesions. 

The resj)irati()n rates obtained by i)as8ing carbon-dioxide-free air 
throughH)ell jars containing tubers were uniformly higher than those 
obtained by taking samples of the air in bell jars containing tubers. 
The reason suggest(Hl for the higher resynration rates obtained by the 
absorption method is that the flow of air through the jar removes 
the carbon dioxide not only from around the tubers but also from 
the gases held in the intercellular spaces. It is also suggested that the. 
checking of respiration from tubers under the bell jars used in tho 
Haldane a]:)paratus tests may have been due to “shells’' of carbon- 
dioxide-hiden air around the oyiening of the lenticels. These shells 
are not disturbixl in the air of the bell ^ar and check the outward 
diffusion of carbon dioxide. 

The small amount of carbon dioxide which had accumulated inside 
the bell jars used for the Haldane ay)y3aratus tests was not sufficient 
to check resj)iration, 7 to 9 perc^mt l)eing recpiired to check it. 

The amount of carbon dioxide which appeared at the bottom of a 
special storage bin in which the tubers were 5 feet in depth was prac¬ 
tically that of the surrounding air during the storage season and never 
rose until the tubers began to sprout, when as higli as 1.8 y)ercent 
occurred at the bottom with a temperature of about 50® F. This dif¬ 
fusion of carbon dioxide from the surface of potato bins follow^s the 
laws of the diffusion gf gases through pores. With large tubers 17.7-«* 
percent of the surface w as yiore area, and this surface offered little 
resistance to the dilfusii)n of the carbon dioxide formed at the bottom* 

LITERATURE CITED * 

(1) A#J»LJfiMAN, C,,0*, i^MHKOUOH, W. I)., Ullfl SMITH, C. L • 

* f928. CHYSiqLOCJltfuL SHRlNKAtiK OK l^)TATOEH STOKA(JK. MO. Agr. 

• • Kxpt. Sta. Bull. 303, pj). 150-175, illiis. . m 

(*2) Hromw, H. T., and Escombe, F. ’ . 

• STATIC DIPFUSniN OF GABES AND LlUlIIDR .IN RElAT/OIJ* TO THE 
♦ assimilation op carbon and TRAN8L0('ATI0N *4 PLANTS.* RovV^ 

Soc. [London] Proc., Scr, B 193: 223-291« 



r c' ^ 

1M4 Jo'Wrnxtl of Jigmcvltural Research . voi. 48, uo. 12 


(3) HuBiJR, B. - 

> 1930. UNTEBSUCHUNGEN OBER DIE GE8ETZE DBR POBENVERDXJN8TUNG. 

Ztschr. Bot. 23: [839J-891, illus. 

(4) KidU, F. • ^ 

/ 1919. EABORATOBY EXPERIMENTS ON THE SPROUTING OF POTATOES IN 
VARiOrS GAB MIXTURES (NITROGEN, OXYGEN, AnD CARBON DIOX¬ 
IDE). New Phytol, 18: 248-252'. * 

(5) Kimbrough, W. D. 

1925. A STUDY OP RESPIRATION IN POTATOES WITH SPECTAL REFERENCE 
, T0‘ STORAGE AND TRANSPORTATION. Md. Agr. Expt. Sta. Bull. 

276, Ilp. 513-572, illus. 

(6) Lutman, B. F. 

1929. THE VALUE OF SCABBY POTATOES. Vt. Agr. Expt. <f3ta. Bull. 297, 
16 pp., illus. 

(7) Magness, J. R. 

1920. COMPOSITION OF GASES IN INTERCELLULAR SPACES IN APPLES AND 
POTATOES. Bot. Gaz. 70: 308-316, illus. 

(8) Smith, O. ^ < 

1933. STUDIES OP POTATO STORAGE. N.Y. (Cornell) Agr. Expt. Sta. Bull. 

, 553, 57 pp., illus. « 

(9) Wright, R. C. 

1932. SOME PHYSIOLOGICAL STUDIES OF POTATOES IN STORAGE. JoUf. 

Agr. Research 45: 543^555, illus. ^ / 








Indian Agricultural Research Institute (fusa) 

LIBRARY, NEW DELHM10012 
This book can be issued on or before.-. 


Return Date 


Return Date 




